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INDIAN. INSECT LIFE.4 


INTRODUCTION. 


THE insects are tracheate, hexapodous arthropoda, with a distinct 
head bearing antenne, with a great degree of complexity in their devel- 
opment during which a series of moults are undergone, culminating in 
the appearance of functional generative organs and wings ; in the higher 
forms, the development is sharply divided into three distinct periods, 
the last of which is marked by the inactivity of the organism as a whole 
and the complete reorganisation undergone by the tissues; they are 
essentially air-breathing animals, living on land, but some have become 
adapted to living in fresh water. The number of jointed legs separates 
them clearly from other tracheate Arthropods, just as the metamorpho- 
sis, the possession of wings and the form and the number of segments 
does. They are regarded as being most closely related to Peripatus of 
all present forms of life, and undoubtedly represent a great branch of 
the tree of life whose development equals, if not excels, that of any other 
branch. In numbers, in species, in all but one form of mentality, the 
insects are the dominant form of life on the land at the present time, but 
the limitations put on them are of such a nature that their dominance 
must remain within bounds and, unless man be removed, cannot be 
actual and entire. 

Insects are of all sizes from 5th inch long to over six inches; their 
numbers are incalculable, the number of their species being put at about 
three millions; their lives are very short, (a week,) up to as long as over 
ten years, though rarely actually exceeding more than three years, and 
being in the larger number limited to an active life of less than three 
months. On the surface of the earth, as in fresh water, they are found 
wherever nutriment is available, even in the bodies of warm-blooded 
animals and man; over the three-fourths of the earth’s surface covered 
by the sea they are practically non-existent, a very small number of 
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species being able to support life near, in or on the sea. Their position 
in the animal world is shown in the table :— 


PROTOZOA. 

PorrFERA (Sponges). 

C@LENTERATA (Anemones, etc.). 
Crenopuora (Jelly-fish, etc.). 
EcHINODERMATA (Sea-urchins and starfish). 
VermEs (Worms). 


POLYZOA. 
ArTHROPODA.—Crustacea (Lobsters, etc.) 
_Prototracheata (Peripatus). 
Myriapoda (Centipedes and millipedes). 
Insecta (Insects). 
Arachnida (spiders, mites, scorpions, etc.). 
Mottusca (Snails, etc.). 


BRACHIOPODA. 

CHoRDATA.—Hemichordata. 
Tunicata. 
Cephalochordata. 


Craniata. Cyclostomata. 
Pisces (Fish). 
Amphibia (Frogs). 
Reptilia (Snakes, etc.). 
Aves (Birds). 
Mammalia (Mammals). 

Economically, the insects are the most important group of animals 
next to the Mammals, Birds and Fishes. Their activities affect man 
daily, either from the nature and extent of their injuries to economically 
valuable plants, or to domestic animals, or to wild animals, or to stored 
produce, or from their value in yielding useful products; or from the part 
they play in the economy of nature, in fertilising flowers, in scaveng- 
ing and cleansing the earth, in rendering waste matter available as plant 


food, in preserving the condition of the soil and in furnishing food for 
birds and fishes. 


Instinct AND Haxir.— What is the life of an insect? In what way 
can it be compared with our own or with the life, for instance, of any of 
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the animals familiar to us? No answer can be easily given, for the 
senses, the instincts, the modes of expression of insects are so totally 
diverse from our own that there is scarcely any point of contact. In 
the case of mammals, of birds and to some extent of reptiles, we have in 
the eyes, in the features and in the movements, a clue to their feelings, 
to the emotions that sway them, to the motives that guide their actions; 
in insects we have none, and the great index of insect feeling, the antenna, 
has no counterpart in higher animals, and conveys nothing to our un- 
informed brains. We can judge then only from the movements of in- 
sects, from their actions, and this is so extraordinarily meagre a clue that 
it is not surprising that even the greatest familiarity with the life of an 
insect inspires no feeling that one has to do with a live organism having 
feelings and passions, having motives and a will, but suggests that one 
has before one a beautiful machine, tuned to respond mechanically to 
certain outside stimuli, to answer to particular influences and to behave 
in all things as a perfect mechanical structure; even the highest, the 
social insects and the fossorial wasps, inspire no other feelings, give one 
no sense of any relations between the individual insects but those 
mechanical ones concerned with daily life, and leave one with the 
conviction that the mentality of the higher animals is wholly absent, 
that no smallest trace of the emotions, of the will, of the thought 
processes of ourselves or other mammals, have any part in the lives 
of insects. Yet there are events in the lives of insects which, fora 
brief moment, impress us with the conviction that individuality, emotion 
and feeling may play their part; and though we see this exceedingly seldom, 
the few suggestive phenomena may be sufficient to warrant the assump- 
tion that in ways we cannot comprehend, in channels that are beyond 
our ken, the living active insect is in touch with every other living insect 
in its environment, by mental and physical processes that make no out- 
ward sign, that may proceed independently of any external sense organ 
that we can see or study and which possibly pass from mind to mind 
with no outward physical action or movement ; what occurs when bees 
swarm, when locusts swarm, when the white ants emerge from the nest, 
when a stray bee from one nest enters another and is promptly attacked 
and killed ? Are these wholly due to reflex actions and mechanical 
instincts, or are they the product of an individual will and mind in each 
and every insect ; a locust swarm may be the product of a blind impulse 
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sweeping over a host of insects just as a blind impulse ranges through 
a crowd of human beings by means which are certainly not normal or in 
daily use; the emergence of the flying ants suggests a similar blind im- 
pulse, an unreasoned compliance with fixed instincts like the blowing up 
of a boiler when certain physical conditions are arrived at; do the ants 
have councils and decide when the nest shall be moved to a new locality, 
or is it simply the common impulse of the community, simultaneously 
born of the same reaction to certain physical conditions? So wide 
apart are our senses from those of insects, so divergent are our means of 
expression, and the mechanism of our bodies, that no answer can be 
given to these questions; we cannot establish any connection with the 
individuality of insects, we can get no common basis of thought, no pos- 
sible means whereby even to ‘‘ tame’’ them or to get even so little 
response to our efforts as a tame bird will give. To us, the closest study 
of large numbers of the same species reveals no individuality, nothing 
but a mechanical sameness in a large number ; perhaps this is because 
we cannot get near enough; to the ordinary man, sheep are sheep 
and while differing in small points are alike ; to the shepherd they are as 
individual as human beings and have a similar mental individuality ; I 
have never seen that this was the case with insects, and none that have 
been kept in activity, fed, cared for and most closely observed, have 
shown more than very small traces of individual mentality or even 
responded to advances. (That this is not the view every author takes 
is evident from the writings of naturalists who state that butterflies in 
particular become tame and welcome their captor’s visits ; but these 
cases are not sufficiently numerous or wel! authenticated to be valid.) 
It is not unreasonable to consider that, in freedom and living under 
natural surroundings, nearly every insect is solitary ; an individual insect 
appears to take no notice of any other, save such as it may prey on or 
parasitise ; 1t goes about its business of food-getting and the like, it 


makes no smallest sign that it is aware of the existence of any other 


rf pw , ) j f ° . . 
isect, and so far as can be judged from its actions, is leading an abso- 


lutely and wholly solitary life - . 
y : tary life ; there are exceptions, of course, but very 


few ; the social ins i 

. : a Insects are apparent exceptions, but even there it is 
ex ies J loubtful how far individuals are not isolated ; they work to- 
cether it is true, 1 
g ue, but in a manner that Suggests two machines under the 


sa ontrolli ; itions : 
same controlling conditions, not two Sentient reasoning organisms acting 
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in agreement due to any mental process. ‘The same is true of termites, 
of locusts, of all the social insects which exhibit such wonderful phenomena. 
The Pyrrhocorid [phita limbata is gregarious and lives in colonies on the 
bark of trees; is there any communication, any individuality, any mental 
process other than a blind reaction to some outside stimulus, under which 
all alike find that a particular spot is perhaps the warmest or the best 
suited for some such reason? There are other exceptions which are 
perhaps more valuable; the courtship of butterflies is a beautiful thing, 
Suggesting two perfectly happy beings enjoying to the full the delights 
of each other’s company and the perfect happiness of the crowning 
moment of life; there is no doubt of their being aware of each other’s 
presence, but the cold thought creeps in that it is after all a mechanical 
process, born of peculiar instincts, with nothing more ‘‘living’’ than 
the reaction of two parts of an engine. The dances of flies and other 
small flying insects suggests mentality, social insects thoroughly enjoy- 
ing each other’s company and the extraordinary pleasure that human 
beings find in concerted movement ; it is possible that we can compare 
insects with ourselves in this respect, but the balance of-evidence ig 
certainly against it ; one comes inevitably to the feeling that insects are a 
supreme expression of living matter adapted and co-ordinated to 
physical conditons, responding perfectly to mechanical stimuli, without 
mind or mental processes as we know themand as we can see them in birds 
and mammals; they are the highest expression of life as evolved by 
natural processes, perfect machines without emotions. No thinking man 
questions the existence in higher mammals of mind-processes akin to our 
own if far lower, of some slight evidences of that higher mentality we 
call the soul, and which we hold to be the essential life, for which the 
objective life and the material body is but a case. No one would credit 
an insect with such forms of mentality, and the most sympathetic student 
of insect life has not advocated such a point of view. An insect is a 
living machine, responding to definite physical stimuli, with well- 
defined and very complex instincts, which are mechanical forms of 
mental action and take their origin in outward conditions. Were they 
possessed of higher forms of mentality, such as reason, Judgment, voli- 
tion and the like, no one can say what might be the course of the world’s 
history ; a combination of the red ants (Hcophylla smaragdina) could 
probably drive human beings out of India and render the continent 
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uninhabitable to any form of life inimical to them ; an organised cam- 
paign of the common black ant (Camponotus compressus) could effect a 
great deal and human methods of warfare would require to be revo- 
lutionised to deal with it. 

In practice we can consider insects as consisting of organisms whose 
actions will be definite responses to stimuli, whose movements and acti- 
vities will, under the same circumstances, be the same ; given the same 
conditions, all the individuals of a species will behave alike with only 
very minute variations which we have great difficulty in seeing. If we 
find that one of a species has a certain definite life history we are safe in 
concluding that under the same circumstances all of that species will 
have the same life history and that with a given departure from normal 
circumstances all will behave alike ; when we have worked out the life 
history and habits of one of a species, we can confidently assert that all 
will have that life history, with only small variations due to changed 
conditions ; a leaf-eating caterpillar that feeds on maize leaf in Behar, 
might quite well feed on juari leaf in Gujarat where maize is not grown, 
but it would not, for instance, become a borer in the Punjab and a pre- 
daceous caterpillar in Madras. We may, therefore, treat a species as an 
individual, and not expect to find different habits in different indivi- 
duals of the same species. At the same time we must allow for the 
variation consequent on changed conditions; the limit of adaptation to 
changed conditions is a very variable one; as an example, many cater- 
pillars have but a very few foodplants and cannot live on others ; a few 
have many, and the Gram Caterpillar (Chloridea obsoleta) feeds on the 
seeds of gram, the heads of opium poppy, the heads of bajra or sunflower 
and a variety of other plants ; in the United States it is the boll worm 
feeding on the seed of cotton and accordingly has slightly different habits ; 
in this there is a certain amount of variation in habits due to changed 
foodplants. Such cases are frequent, but the variety of habits lies with- 
ae perfectly clear and definite limits, varying slightly from species to 
Species. On the above reasoning, a species is definable not only on 
eee characters but also on its habits and mode of life; if we look 
bie ae 2 estos of individuals reacting mechanically to stimuli, 

Play of adaptation to changing conditions, habits and 
mode of life are as much specific characters as is stru ctire < feukmeie 
tural distinctions are sound, they will be in agreement with habits and 
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life history, and the one aspect is as important as the other. Our know- 
ledge of structure is far greater than our familiarity with the habits of 
insects, but the latter will increase. It is all important for the student 
to grasp clearly from the beginning that a ‘‘ species’’ is a distinct indivi- 
dual as much in habits, mode of life and all details of its life as in its 
colour, form, or any structural detail on which it is declared to be a 
distinct species. We are here far more concerned with the living insect 
as a living reality than with the dead shell on which its place in the 
insect world is determined and on which it is described and named; the 
characters of the living insect, its method of flight, its walk, its feeding 
habits, its expressive antennal movements, all the details of its daily 
lite are of as great value as its structure and are of far greater importance 
to us in these pages ; a realisation of this fact and an understanding of 
what a species really is, must come to every student sooner or later if he 
is to become anything more than a systematist and a classifier of insects 
on purely structural details; the individuality of a species is as much 
discernable in the field as in the museum and takes in every detail of 
the insects life. For that reason, we have considered this abstruse point 
at some length and we would emphasize the point of view given, though 
it may seem at first sight an incorrect one. Variations in habits between 
two members of a species are so small that what we find out of a single 
individual, applies to every individual of that species with due allow- 
ance for variable conditions ; a very large part of our work lies in deter- 
mining how far different conditions modify the habits of an insect and 
the limits of this variation are becoming clearly established; if, therefore, 
the habits of an insect are observed in Peshawar, we know that the 
individuals of that species will have in the main the same habits at 
Madras, that we can predict the variations likely to be found, and that 
if we knew enough we could absolutely say how far they would differ. 
We may touch very lightly upon one more point ; whence come the 
instincts and beautiful habits of our present-day insects? According 
to the accepted theories of evolution, insects, like other animals, are 
descended from more primitive forms of life which existed in earlier 
geologic periods; if we imagine the primitive types of insects being 
evolved and multiplying, and supposing them to feed on the abundant 
decaying vegetable matter, we shall get a great development of simpler 
forms scattered over large areas of land, and living ina diversity of physi- 
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cal conditions ; remembering their less specialised and complex structure, 
we can see that the influence of altered conditions might produce great 
variations in structure, in habits, in life history ; the pressure of com- 
petition would arise, supposing there were fewer checks ; (what checks 
there may have been is doubtful but both parasitic and predaceous 
insects, as well probably as insectivorous birds arose later and these are 
now the main checks); some, from feeding on decaying vegetable matter, 
might come to feed on decaying animal matter, with a consequent 
change of habits, of structure, of senses, possibly of life history ; others 
might find growing plants provided an ample supply of food and their 
descendants gradually get modified to suit these circumstances ; in time 
we can imagine some becoming predaceous, the descendants perhaps 
of insects that. fed on dead insects ; we can still see the stages between 
land and aquatic insects, and it requires little imagination to picture 
the necessary gradations from an insect feeding on decaying leaves by 
a riverside, to one that entered the river water and found its food 
there. Given a plastic structure capable of modification, granted grow- 
ing competition and a free unoccupied field, one can readily see how, 
in earlier ages, the various groups may have arisen; with the alter- 
ing conditions of successive geologic periods, with the evolution of 
higher plants and animals, with alterations of climate and natural con- 
ditions, one can realise how the diversity of forms of insect life would 
be evolved. That this has occurred with other forms of life one can 
read ; that the steps cannot be traced so clearly in insects is due to 
the imperfection of the geological record, insects being small, soft and 
not so fitted for preservation as are bones or shells. Granting that in 
previous ages this occurred, and seeing the present dominance of insect 
life on the earth and in fresh water, it is easy to see that the competition 
eo eee that more and more complex structures, instincts 
more and sacs pene ae Sen) eee esha: a 
simple insect fodee on eee ae : s ae ea as 
parts, laying eggs in the tere a ee ser pe ete 
eae ee digepeeas es ue no special colouring or pro- 

'd; predaceous insects require more complex 


pe ent necessitates better wings and a more consolidated 
thorax; protection from birds implies : 


protective attitudes, colouring 
or form, and may g 


requir $j ; ; 
quire possibly the nocturnal habit, which implies 
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better sense organs; all crystallises down to a specialised form with 
fixed instincts. So too, for instance, with parasitic insects, the new 
habits imply new structure, the petiolate body and the ovipositor are 
developed to lay the eggs, and with the necessity for flying by day comes 
warning colouring and unpleasant taste or odorous glands, since birds 
are developed also and are taking to eating insects. Consider a Sphegid 
catching live insects, paralysing them, laying them up for its young ; 
imagine the development of such forms, the gradual acquirement of 
more and more perfect structures, and with them of more and more fixed 
instincts till we have the perfect insect, with intensely modified life 
history, with fixed and complex structure and with nearly all plasticity 
and power of change gone. 

This is the point I wish to make; we are now ata _ stage in 
the earth’s history when competition has produced an amazingly 
complex number of forms of insect life, which adapted themselves to 
every condition of life but that in saltwater, which have, by the im- 
provement of more and more perfect forms, become increasingly 
complex, specialised and fixed; variation, except in each special 
direction, makes for destruction; from the increasing competition 
plasticity is gone, the forms are fixed and unalterable, and what may 
once have been forms of active mentality implying some choice, some 
volition, are now fixed instincts, crystallised reflex and, possibly, 
voluntary actions. It is true that all are not equally complex or special- 
ised, but I believe it to be true that almost all, simple or complex, are 
fixed, are no longer alterable except so minutely and so slowly that we 
can no longer see it. It is questionable whether there is any form with 
which we could people a part of the earth, say an island, that was abso- 
lutely devoid now of insect life, and in which we could see this process 
of differentiation and specialisation take place, but could we find such a 
form, could we give it the same free field and let it multiply and increase, 
we should get a similar differentiation and an ultimate specialisation of 
equally fixed forms. 

The student may read this for himself at greater length in text- 
books of paleontology, geology and evolution; he must realise it if he 
is to grasp the meaning and origin of the forms and habits of insects; 
and in no other group is it so marked as in insects ; when we consider 
the abundance of forms of life in the insect world, their absolutely 
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universal occurrence on land and in fresh water, the extraordinary 
variety in habits, food and ways of life, as compared with any other 
eroup or with all groups together, we can see that in no other class in 
the animal world is competition so keen, are instincts and habits so 
fixed, is the whole of life for each species so unalterable and delicate. 
Insects have lived, have dominated the earth, have become what 
we see them by carrying to an extreme the principle of adaptation to 
circumstances, of making the most of natural conditions ; man has 
become what he is, because he has carried to an extreme the principle of 
adapting natural conditions to himself while only adapting himself to 
them to a limited extent; the two classes dominate the land, and when 
man cannot alter the conditions to make life permanently bearable, 
insects can adapt themselves and do. But in the process man has 
developed one form of mentality implied in the terms free-will, choice, 
volition, while insects have become perfect mechanical structures 
reacting in a definite way to natural forces and stimuli, their lives ruled 
by fixed and most perfect ‘° instincts.’’ 

It is not my intention to give the impression that instincts are 
absolutely fixed but only that they are fixed as compared with the plasti- 
city of earlier insects and as compared, say, with man. There is a 
certain latitude still, more in some groups than in others, but even in 
them not much and in the most specialised probably very little. I 
imagine that such simple forms as Machilis are fixed in their simple 
habits as compared with a Sphegid fixed in complex habits, but to both 
there is a certain small latitude within which they can still alter. The 
instincts of a polyphagous caterpillar such as Chloridea obsoleta are pro- 
bably much less fixed and specialised than are the instincts of the 
caterpillar of Scirpophaga auriflua, for instance, and in each case possibly 
their degree of specialisation, low or high, makes for success, success 
being purely the ability to get food and lay eggs freely. Some are 
successtul because they are fixed in delicate mechanical instincts, notably 
the eo ane ng wasps ; others are successful because they can adapt 
themselves still to a limited variation of circumstances, such as food, 
temperature, etc., and they are still to some extent plastic. Butitisa 


very limited plasticity, little akin to the plasticity of the earlier forms 
from which our present insect life has 


CLASSIFICATION.— W hen 


arisen. 
insects were first studied in some detail, 
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the complexity of the increasing number of recorded species led to a 
system of grouping, say, the beetles under one title, the moths and butter- 
flies under another, and so on, the insects most obviously similar being 
put into one group chiefly as a matter of convenience. As the subject 
grew, the morphological characters of the collected insects were utilised 
to an increasing extent, and the more the number of known insects 
increased, the more minute and detailed was this classification. When 
the evolution theory was accepted, it was evident that every scrap of 
available information would be required to give data on which to make 
a natural grouping of insects; what was the origin of insects? from 
what had they developed? how far had different insects remained 
for a long period inthe same condition, and how far was the evolution 
either continuing still or had it been continuous up to the recent past ? 
These were the questions to be answered, and the answer is embodied 
in the present-day system of classification which is believed to be so far 
natural that it conforms, as far as possible, to the actual developments 
of insects during the earth’s history and does represent actual relation- 
ships. On these terms all the members of one group are more closely 
interrelated than each one is to any other insect not in that group. 

In making this classification, there are practically three main sources 
of evidence: (1) the morphology of the insect in all its stages ; (2) the 
processes of embryological and post-embryological development ; (3) 
the evidence of fossil and extinct insects. 

In the beginning, the first alone was utilised, and it is still the main 
source of information; at first superficial characters were used, then 
more detailed ones such as the structure of the trophi, finally the fuller 
evidence afforded by all parts of all stages is being utilised, though this is 
by no means near completion. The second has been utilised, but not to 
a great extent. The third has been utilised as far as it is available, but 
the geological record is scanty, and what there is, is very imperfectly 
available as yet. There is a great bulk of literature on this question, and 
it is impossible to more closely enter into the subject here. How little 
is really known can be gauged from the great changes made in the classi- 
fication of Heterocera, for instance, as well as from the fact that ento- 
mologists have arrived at no definite conclusions which are generally 
accepted. The most diverse views prevail, and there is no standard classi- 
fication that is or can be universally employed even if it be admittedly 
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not academically accurate, but sufficiently so for practical purposes. As 
knowledge grows, as groups are revised, new views are expressed, Hee 
systems adopted. This would matter little if there were, for secre 
agreement as to one unit, say the family, if it couls be ae se 
Coleoptera, for instance, are a homogeneous group of Baya aaa 


unfortunately this is impossible at present. Actually, insects are prima- 


rily divided or have been divided into primary divisions called orders. 


Thus Coleoptera are a distinct enough order ; when we go below this, we 
should have a definite number of sub-orders, each containing a 
definite number of families; the sub-family is the next division 
containing a number of genera. Unfortunately superfamilies, legions, 
cohorts, tribes, etc., have been used, and it is rare to find all authorities 
on an order or sub-order using the same classification. 

In this volume, we propose to follow the Fauna of India, in using 
the terms order, sub-order, family, sub-family, division, genus, species, 
but as classification is not our main object, we can largely simplify the 
system actually used in the Fauna. 

Entomologists have adopted the family as the unit of classification 
trying to group insects first into divisions which must have had a 
common ancestor; on this basis we get nearly 300 families, each of 
which represents a fairly homogeneous assemblage, derived from one 
branch of the tree ; the difficulty is greater when we try to group these 
families to find the main limbs of our tree or to find how many 
separate limbs we should have, derived each from some lower form of 
life ; for instance, Lepidoptera area very homogeneous order, the families 
derived from one branch ; Orthoptera on the other hand are by no 
means uniform, and so far as can be seen, the order instead of coming 
from one branch may really come from three ; none the less, in the 
absence of sufficient data to find really how many branches there are, 
the order Orthoptera as here adopted is a very convenient one. Our 
nine orders are constituted then with a regard both to truth and con- 
venience and a student should think in terms of families, grouping these 


families into-aggregates which we may call sub-orders and orders. 


In practice we have to utilise a conventional system that embodies 


as much truth as possible and which is reasonable for working purposes. 
Of the nine orders we ado 


pt here, seven are generally accepted by 
entomologists, but there js or 


eat divergence of views over the Neurop- 
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tera. With regard to this, the following tables show the terms used by 


other authors :— 


Smith’s 
orders, 


Woodworth’s 
orders. 


Orders. Sub-orders. | Families. 
Mallophaga. 
Embiidee. * 
Psendoneuroptera | Tent 
Psocidee 
( Perlidee 
NEUROPTERA | | Amphibiotica , Odonata : 
Wee ener ; 
Sialidee 
Planipennia Panorpidee 
Hemerobiidze 
Trichoptera | Phryganeidee 


Mallophaga.* 


Isoptera .-. | > Corrodentia, 
Corrodentia.* 

Plecoptera,* 

Odonata. Odonata. 
Ephemerida ... Ephemerida, 
Platyptera.* 

Mecoptera.* 

Neuroptera.* *Neuroptera, 


Trichoptera.* 


We believe the most logical and workable system of insect classi- 


fication to be the following :-— 


1. APTERA. 

2. FORFICULIDA. 

3. BLATTIDA. 

4. QOrtTHopTeRA (5 families). 
5. TERMITIDA. 

6. MALLOPHAGA. 

7. PSEUDONEUROPTERA. 
8. NEUROPTERA AMPHIBIOTICA. 
9, NEUROPTERA PLANIPENNIA. 
10. TRICHOPTERA. 


11. HymenopTers, PHYTOPHAGA. 
iy. po PARASITICA. 

13. Sy TUBULIFERA. 

14. ~ ACULEATA. 


15. COLEOPTERA. 

16. LEPIDOPTERA. 

17. DiprerRaA, ORTHORHAPHA. 
18. CyCLORHAPHA. 


99 


19. SrtPHONAPTERA. 
90, Ruynonota, HeTEROPTERA, 


~ 


(Embiide, Psocide). 


(Sessiliventres). 
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91. Ruyncnota, HomopTerRA. 
92. PHYTOPHTHIRES. 

23. ANOPLEURA. 

24. THYSANOPTERA. 


impossible to express accurately the relationship 


It is, however, 
sub-division cf equal value throughout, 


of insects by adopting any one 
and the student may be warned against getting to attach too much 
importance to any classification systems except as working conven- 
tions which have as much regard to truth as circumstances will allow. 


What systems of classification we adopt is, in the present state of 
confusion, immaterial ; the Fauna covers only parts of four orders and 
we can there adopt the system in use; beyond that we must unfortu- 
nately anticipate the “ Fauna.’’ The system adopted is the following ; 
it is as near to Sharp’s insects as possible, and we have contrasted it 
with the system in use in America as a guide to the student who wishes 
to refer also to American literature. We may remark that classification 
is not an end in itself but is the means to an end; with so vast and com- 
plex a subject, it is imperative that we should be able to classify, to fix 
the position of an insect with regard to its fellows, simply for ease of 
working. Our main object being the observation of living insects as 
they affect man, classificaton in this case becomes necessary to enable 
us to record and collate our observations ; for this reason we aim at a 
simple system, on which we can arrange our collections, file our notes 
and, by working with one system, follow each other’s work at once with- 
out having to readjust our ideas or bother more than is necessary with 
the way our things are arranged. The insects in one collection are 
arranged exactly as they are in another; a worker from a distance can 
take up work in Pusa without mastering a fresh system, and whether 
our classification be correct or not, it is, and must be, the standard and 


will be, we hope, with small modifications, the standard in India for 
many years. 


N) 
NumBer OF SpPEcIES.—Blanford in 188] published a numerical 
enumeration of the known Fauna of India (J A. 8. B., p. 263). He in 
; r . site ‘ do, . ° ~ 
cludes Beluchistan, Kashmir, the Himalayas, Nepal, Sikkim, Bhutan 

eT, 7 , Sil 

Assam, British Burma, Tennasserim, Ceylon, Andamans Nese 
oe ; 
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which is practically the area now covered by the ‘‘ Fauna of British 
India.’? We reproduce his figures :— 


Orthoptera ea 0)(2)) 1,700 
Neuroptera 350) 400 
Hymenoptera 850 3,600 
Coleoptera 4,780 6,000 
Lepidoptera 4,620 10,000 
Diptera 500 (?) 1,000 
Rhynchota 650 3,000 
TOTAL 12,100 295 00ss 


giving also an enumeration of our own based on the available figures, 
Thus the Fauna of India and Hampson’s later papers enumerate about 
8,000 moths, there are about 1,500 butterflies, and we estimate 500 
Tineids, etc. Mr. Distant has already enumerated 2,500 Rhynchota, 
and we anticipate 400 more with 100 Coccide. . 


Nomenclature. 

Could we divide all known insects into, say, 300 families of roughly 
1,000 species each, and group these systematically, our nomenclature 
would be a simple matter. 

As we have explained above, the general object is to make families 
the basis of classification ; but we have in this volume to steer a middle 
course between the really accurate classification of the pure systematist, 
which changes as knowledge grows, and the practical point of view of 
those for whom we write; we cannot keep remodelling our arrange- 
ment and nomenclature. Odonata, for instance, may be a sub-order 
composed of say seven families ; for us and for all field entomologists 
it is practically a family. 

Whenever possible, family names end in-—id@, sub-family names 
in—ine, and the names of tribes or sub-divisions of families in-—ini ; 
the student must, however, remember that sub-family names frequently 
end in—vzdes ; and tribes in—ines. It is to be regretted that no uniform 
system can be introduced, and that were we to rigidly adhere to some 
system in this volume, the student would be puzzled when reading foreign 
text-books or literature. 

IDENTIFICATION OF SPECIMENS.— Insects are known by names, nomi- 
nally of Latin or Greek form, given to them by the entomologist 
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who first describes them. That is, every distinct species of insect that 
has been described or accurately figured is designated by the specific 
name assigned to it by its first describer. The problem cs ms Wi 
living or preserved insects on one side, and the mass of descriptions or 


figures on the other, to correlate the two. 


Only working entomologists ever realise the immense labour in- 
volved in this work, except in the case of the fauna of a locality such 
as England where the insects have been studied very closely, where 
there are ample books, and reference collections. Where one has either 
a description of every species of insect of a country or a good reference 
collection, identification is a matter of so much comparison, but where as 
in India, the only handbooks contain descriptions only of part of the 
known insects, or where there are no handbooks at all, only scattered 
descriptions, and where there are no reference collections and access to 
the National Collections at the British Museum is impossible, the actual 
identification of an insect is not an easy matter and is not, as a rule, even 
possible in India. The question must remain so until there are complete 
handbooks such as the Fauna of India, which are kept up-to-date, and 
also complete reference collections of Indian insects, accurately named ; 
progress to these is being slowly made, but very slowly indeed. 


Actually if an insect belonging to one of the families described in 
the Fauna of India is sent in for identification, it is examined, referred 
to some division of its family, worked out with the generic key in the 
volume and compared with the descriptions in the volume ; if it exactly 
agrees with the description of a particular species, it is believed to be 
that species and is, if possible, compared with a specimen that has been 


identified by a specialist in that family. If it agrees with no species 


in the volume, it may be either a species described since the volume was 


prepared, or a species known from another country but not from India, 
or a new species ; to determine this requires an expert knowledge of the 
family, a complete literature of the family | 
On the other hand, 
referred to its famil 


and a reference collection. 
if a beetle, for Instance, is sent in, it is examined, 
y, and compared wit 


h any accurately 

vera . ely named speci- 

mens of its kind which are available : ; : 
bd 


if it agrees with none of them it 
mily who has the literature, the 
f work on that particular family, 


must be sent to a specialist in that fa 
teference collection, and, after years 0 
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the requisite special knowledge. If proper attention was devoted to 
entomology in England, all specimens could be sent to the National 
Collection at the British Musuem and there compared ; at present this 
is not possible, and we are largely dependent on the kindness of 
workers in Europe and the United States. 


It can be seen that the accurate identification of an insect is no easy 
matter in every case ; in many cases it means months of waiting, and 
even years, as there are no workers for a large number of groups. As 
an accurate identification is necessary before publishing matter about 
any insect, this question is one of great importance ; a large number of 
insects have been accurately identified and can be seen in the Pusa 
Collections ; every assistance will be given in identifying insects, but the 
reader must realise what it means and be prepared to do the only thing 
he can to help, namely, to always send enough good specimens to allow 
of some being sent on to Europe, if the species is one that cannot be 
named from the Pusa Collection. This matter is discussed here because 
requests are constantly received for the name of an insect of which 
perhaps one-mangled specimen is sent, and surprise is expressed because 
the identification is not immediately forthcoming. (See also Indian 
Insect Pests, page 57.) 


Enromo.ocy IN Inp1a.—This volume has been compiled primarily 
for the use of students of entomology in India and for those interested 
in the subject. A few words as to the present state of the subject in 
India will not be out of place. 


Entomology, as a subject, occupies the whole time of one section 
of the Agricultural Research Institute, Pusa, and in this Institute alone 
there are three Entomologists with English University qualifications, 
and a staff of trained native workers. In connection with this Institute, 
there are a limited number of entomological assistants employed by 
the Agricultural Departments of each province for purely agricultural 
work and simple teaching. Whilst the ultimate object of work at 
Pusa is mainly agricultural and directed to useful practical ends, the 
work must rest on a scientific basis, and the collection, study, and classi- 
fication of all insects of the agricultural areas of India is a necessary part 
of the activities of the staff. It is open to any worker in India to visit 
Pusa or to write there for advice or assistance, which will be freely given. 


UL : 


18 INTRODUCTION. 


‘th every worker in India and to invite co- 
Elementary and advanced teaching in 
and at no other place in India at the 


Our aim is to be in touch w 
operation and mutual help. 
entomology is also given at Pusa 
present time. 

For many years, the Indian Museum, Calcutta, was the centre of 


entomological work, where a special staff was devoted to this subject, 


: 4 i conomic 
including the economic aspect. At the present time, the e 


work has been transferred to Pusa, and systematic entomology takes 
its place as one branch of the systematic zoology which forms the work 


of one section of the Musuem. 


Collections of insects are preserved there, are constantly added to 
and are sent to specialists to Europe, just as the Pusa collections are. 
There is a large exhibit collection open to the public and the reference 
collections, while not open to the public, are generally available to work- 
ers in entomology. 


Forest entomology is solely dealt with in the Forest Research 
Institute, Dehra Dun, by the Imperial Forest Zoologist and his staff, 
and all enquiries regarding insects injurious to forests are referred there. 
The study of insects injurious to tea is the work of the Entomologist to 
the Indian Tea Association stationed at Hilika, Assam. 


Apart from minor and inconsiderable collections in Provincial 
Museums, the only other public collections exist at the rooms of the 
Bombay Natural History Society ; members of this society refer specimens 
to the Committee who, if the Society’s collection and library cannot 
furnish the required information, refer them to either of the above Indian 
Institutions or to Entomologists in Europe. 


Excepting private workers who own private collections, there are 
no other centres of entomological activity in this country. 


| Publications dealing with entomology in its different aspects are 
issued as follows: The Imperial Agricultural Department issues, 
from Pusa, the “ Agricultural Journal of India,” 


in which are contained 
articles and notes relating gsolel 


y to those insects injurious to crops or 


Other and similar work is issued in 
bulletins ; the more Sclentific or lengthy w 


purely popular and useful 


to those of economic value. 


ork is issued in memoirs and 
information as leaflets, 
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The Imperial Forest Research Institute publishes information 
relative to Forest Entomology in “ Forest Records and Memoirs,” and 
some has appeared in the pages of the ‘“ Indian Forester.” ‘“ The 
Bulletins of the Tea Association ”’ contain the bulk of the work on insects 
injurious to tea, supplementary to the volume on Diseases and Pests 
of the Tea Plant by Watt and Mann. The Indian Museum, in 
‘* Indian Museum Records ’’ and ‘*‘ Memoirs of the Indian Museum,’’ 


issues articles mainly on systematic entomology but also bionomic work. 


The “ Journal of the Bombay Natural History Society ” is the recog- 
nised medium for most purely systematic work and for some bionomic 
work ; the papers in this Journal are of extreme value and must be 
consulted. We have referred below to the more important papers. 
The Journal of the Asiatic Society of Bengal contain also papers on 
general entomology and on systematic work. 


This exhausts the present publications dealing with the various 
aspects of this subject in India; occasional papers on systematic 
entomology appear in the proceedings of learned Societies in England, 
Europe, the United States. A summary of these is contained in the 
Annual Report of the Board of Scientific Advice in India, as is a 
summary of all entomological work and publications in India. 


It is necessary to mention one further publication no longer in exist- 
ence. For over fifteen years, ‘‘ Indian Museum Notes” was issued from 
the Indian Museum, Calcutta, and contained papers, notes, etc., dealing 
with economic and systematic entomology. We have made constant 
reference to it below and practically all information contained in_ it, 
dealing with the insects of the plains, is abstracted or referred to here, 
or is amplified in Indian Insect Pests. The best feature of this publica- 
tion was its beautiful photogravure plates ; the originals of many of 
these are here reproduced as text figures. Sets of this publication are 
still available at Pusa, and complete sets can be consulted in most 


official or public libraries in India. 


With the exception of the Bombay and Asiatic Societies, the above 
publications are issued by Government and copies of most of them are 
available to serious workers. All can be seen also in most public 
libraries, and the published work in entomology is generally available. 
It is impossible to refer here to other literature; the reader will see 
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below from how many sources we have drawn the published informa- 
tion of past years and these scattered papers are often very difficult 
to see. The best entomological libraries known to me in India are that 
of the Indian Museum, Calcutta, and of the Pusa Research Institute. 


Of books dealing only with Indian Entomology, the Fauna of India 
is the only systematic one of real value now. It covers Aculeate Hymen- 
optera (2 vols.), a smal] part of Coleoptera (2 vols.), nearly the whole 
of Lepidoptera (6 vols.), Rhynchota to the end of Jassidee (4 vols.). 
Progress with this is being steadily made and the student should ascer- 
tain what volumes have since been issued. They are the standard 
cuides to the systematic entomology of India, Burmah and Ceylon and 
are essential in the arrangement and identification of species. West- 
wood’s Cabinet of Oriental Entomology is with Donovan’s “ Insects of 
India,’’ remarkable chiefly for beautiful plates in colour of many striking 
Indian insects, mainly butterflies, moths, large beetles and Fulgorids. 
It is the only book of its kind but is of little value at the present day 
except (in the words of Westwood), “‘ that, by finding its way to the 
table of the Indian drawing room, it may gain additional converts to 
the study of a science full of curiosity and awaken an interest in the 
objects of pursuit, thus supplying an engaging occupation to our Indian 
friends.”’ 


A very short introduction to entomology is given in ‘‘ Indian 
’’ which also treats of insects injurious to agriculture. It 
is the only general book on pure entomology relating solely to India 
published recently (1906), and contains short instructions regarding 
necessary apparatus, methods, etc. We assume every reader to have 


as much general knowledge as is included in the first part of that 
volume and in the second appendix. 


Insect Pests, 


Z00-GEOGRAPHICAL Divistons.—British India is not-a distinct zoo- 
geograpiucal area, and it is necessary to define very carefully the faunal 
zone that is dealt with in this volume. The ‘‘ Fauna of dia?’ 
deals with the Fauna of the Indian Empire and Ce 1] ince 

2 ylon, 7.e., Himalaya, 


Hindustan, Assam, B 
» AS urmah, C 
’ , Ceylon, regardless of faunal zones, and we 


endeavour here to indicate the 200-geographical status of this region 


In the first place, we wish to make clear th 


d ; : t : 
is elevation ; starting from the plains of at a fundamental point 


North India at an elevation of, 
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say, 1,000 feet and going steadily up the Himalayas to say, 10,000 feet, 
One passes from, through and into three distinct life-zones, which we 
may call tropical, subtropical and temperate; the tropical extends 
to 2,000 feet elevation; it is marked by one period yearly of 
intense dry heat or a limited season of moist weather; the subtropical 
covers 2,000 feet to between 5,000 and 6,000 feet and is marked 
by a greater humidity, a more even and less intense temperature, a 
less limited period of rainfall; the temperate extends above about 
6,000 feet. To accurately define the limits of the subtropical zone 
would require much elaborate detail ; it commences for instance at an 
elevation of about 500 feet at the foot of the Eastern Himalayas, at 
about 2,000 feet at the foot of the Western Himalayas ; in the Nilgiris 
it commences at about 2,500 feet on the Mysore plateau side but 
runs down to well under 1,000 feet on the Western Ghaut side ; a large 
part of the Deccan above 1,000 feet is tropical; the Western Ghauts 
from 600 to 2,000 feet and over are subtropical, and in this case the dry 
tropical area (as at Poona and Nasik) is at a greater elevation than the 
moist subtropical belt. The zone is of course not definable merely on 
elevation ; it is the moister more agreeable climate produced by the abun- 
dant rainfall falling on the slopes of moderate elevation which run up 
from the level plains to the Himalayas or to the various ranges of hills ; 
it is a zone of varied vegetation, often forest or dense jungle ; it is the 
zone in which tea, coffee, rubber, and similar crops are grown, and it 
is, in India, a belt along the hills, running up the valleys, as well as 
more or less isolated patches on the hill ranges of Central India, the 
Deccan and South India. The student can get some idea of it from 
the 2,000 feet elevation line on Eliott’s meteorological atlas of India. 
The fauna of the subtropical zone is far more varied than that of the 
tropical zone or of the temperate zone and is quite distinct. 

There are some prominent features of the tropical and subtropical 
faune which may be very briefly discussed here. We omit any discus- 
sion of the temperate fauna as, except in South India, it is certainly not 
“ Indian ” but is holarctic or Indo-Chinese. The subtropical fauna is 
far more varied than the tropical ; the number of species that can find 
food and can support existence in the extremely varied vegetation and 
moist equable climate of the former is far greater than those that can 
endure the intense dry heat and more limited vegetation of the latter. 


09 INTRODUCTION. 
In addition to this, which is true of nearly every family of insects, there 


are families which are confined to the subtropical re 
ese families in the 


gion, or which im- 


mensely predominate there as compared with th 
plains, and there are also families which occur far more abundantly in 


the tropical plains. The Phasmide, Siricide, Tenthredimde, Sialide, 
Panorpide, Passalide, Lucande, Simuliide, Aradide, Phymatide, 
Sesiide, Zyvenide are practically confined to the moist forested lower hill 
slopes; the Rhopalocera are characteristic of the subtropical region, 
especially the Nymphalide and Papilionide ; the Cicadide, T ipulide. 
Mycetophilide, Locustide, Dynastide, Cetonnde, Erotylide, Endomychida, 
Bostrichide, Scolytide are found abundantly in the subtropical, rarely 
in the tropical areas ; Chrysomelide, Buprestidae, Capside, Syrphidw 
occur in both but in immense profusion only in the former ; Imacodide 
and Phryganeide stand out conspicuously in the same way. On _ the 
other hand, the Acridiid@, Carabide, Dytiscide, Hydrophilide, Gyrinde, 
Tenebrionide, Myrmeleonine, Ascalaphine, Scarabaide are far more 
abundant in the plains, though occurring also in the lower hills. Allow- 
ing for the fundamental excess of species in the subtropical region owing 
to its varied flora, the other large families are more proportionately 
represented in both areas. We would suggest also that the varied sur- 
face fauna of the plains is less marked a feature of the subtropical region, 
possibly because the surface soil offers protection from heat not required 
in the hills and because the usually dense perpetual vegetation of 
the hills produces a fauna centering more round the bushes and low 
vegetation (see below ‘* Where Insects Live” under Forficulide). 


This fundamental distinction is of the very greatest importance, and 
unless it is fully realised and clearly kept in mind, any conception of the 
faunal zones must be imperfect. We sharply mark off the fauna of the 
plains of India (usually below 2,000 feet) from that of the forested 
slopes of the hills and from that of the upper hills; and, in this 
volume, we deal only with the tropical zone except where the number 
of species occurring in India is stated when we mean British India 
exclusive of the temperate upper Himalayas. 


India is placed by Beddard (Zoogeography 1895) in the Oriental 


Region as the “ Indian ” ; 
an subr ‘'Cey is disti i 
g subregion ; Ceylon is distinct as a subregion and 


is taken to include part of South India 


The Himalayas, inclusive of 
Kashmir, Nepal, Sikkim, Bhutan. oe 


are not part of the Indian subregion 
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at all, being holarctic, and we take the dividing line to be at about 6,000 
feet. The extreme North-West of India is also not strictly “ Indian ” 
but is holarctic. Burmah, we exclude, as being Malayan and Indo- 
Chinese, and the hills of Assam are strictly Indo-Chinese in part.“ In- 
dia ” proper then does not include these areas at all and it must be clear- 
ly borne in mind that in these pages we do not’ use India in the sense 
that the “‘ Fauna of India” does; the term “ British India” is used 
throughout this volume for the political India covered by the Fauna ; 
the term “ India” includes tropical and subtropical India, i.e., up to 
about 6,000 feet ; “ subtropical India” denotes the moist forested 
slopes of the hills usually between 2,000 and 6,000 feet; ‘ tropical 
India” or “the plains” means the great stretches of India lying 
between sea-level and about 2,000 feet, usually not forested and 
extending from Tinnevelly in the South to Rawal Pindi in the North, 
from the border of Sind and Baluchistan in the West to the Assam and 
Surma valleys in the East. It is the insects of this area that are 
discussed in these pages and for one insect in this area there are at least 
five in “ subtropical India. ” 


The frontispiece illustrates the divisions of tropical India according 
to faunaso far as we are able to tentatively delimit them ; the faunal zones 
of subtropical India are not indicated. In considering this question fully, 
the factors to be considered are (1) the physical features of the country ; 
(2) the geological formation composing it ; (3) its climate ; and (4) its 
flora. The first three probably affect insects in much the same way as 
they affect plants, and we may take the flora as the basis of our 
divisions; Sir J. D. Hooker, in his sketch of the flora of Britisn India, 
divides the whole area into nine provinces as follows :— 

(1) Bastern Himalayas —Sikkim to Mishmi mountains in Upper 
Assam. 


(2) Western Himalayas—Kumaun to Chitral. 

(3) Indus Plain.—Punjab, Sind, Rajputana, west of the Araval- 
li range and the Jumna river, Cutch and Gujarat (to the 
Tapti). 

(4) Gangetic Plain.—From the Aravalli Hills and the Jumna 
river to Bengal, the Sundarbans, the plains of Assam, 
the low country of Orissa north of the Mahanadi., 
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There are three distinct sub-provinces; the dry upper 
area, the United Provinces and Behar: the lower humid 
area, the Assam plain, Lower Bengal and Orissa ; and the 
Sundarbans. 

(5) Malabar—The Western Ghauts from the Tapti river to 
Cape Comorin; the Konkan, Kanara, Malabar, Cochin, 
Travancore, Laccadive Islands. This is better termed 
the West Coast. 

(6) The Deccan.—The high plateau lying between the Kastern 
and Western Ghauts, south of the Gangetic and Indus 
plains ; the Coromandel Coast on the East Coast from 
the Mahanadi to Cape Comorin is included as a sub- 
province. 

(7) Ceylon and the Maldive Islands. 

(8) Burmah. 

(9) The Malay Peninsula. 


With the last three, as with the first two, we have no concern here. 


If on the basis of the above divisions we omit subtropical forest hill 
areas, and we take into account the influences on the fauna of these 
neighbouring areas, we shall get divisions as follows :— 
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) The Indus Plain. 

) Desert India. 

) Central India, West. 
) Gangetic Plain, West. 
) Gangetic Plain, East. 
) Sundarbans. 

) Central India, East. 
) Deccan. 

) West Coast. 

) Coromandel Coast. 


The Indus Plain has a fauna containing many holarctic forms. 


The winter is cold, the hot weather is dry and intense and these two sea- 
sons are well marked. 


2. Desert India is similar, but with a peculiar fauna and flora, 


owing to the arid conditions. 
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3. Central India, West.—Anarea of greater rainfall, a more definite 
period of humidity and less alternation of day and night temperature. 


4. Gangetic Plain, West—Well marked winter with moderate cold 
and rain, dry hot weather and moist rainy weather. Immigrants from 
the Himalayas for the cold weather. 


5. Gangetic Plain, East—No well-marked dry hot weather, the 
humidity higher in the cold weather and hot weather. Immigrants from 
the Himalayas and other hills for the cold weather and insect activity 
more general in the hot weather ; there is a marked Malayan element. 
(A feature of this area is the flooding that occurs over large stretches of 
land; the influence this exerts on the fauna may be a very marked one.) 


6. Sundarbans.—-Doubtfully distinct. Little alternation of 
temperature or humidity. Peculiar flora. Strong Malayan element. 


7. Central India, East —Well-marked dry hot weather when insect 
activity is suspended, followed by a prolonged moist warm period. Fewer | 
insects hibernate than in the regions North and West. 


8. Deccan.—Well-marked seasons, the dry hot weather following 
,a marked cold weather, when hibernation sets in. 


9. West Coast.—The fauna is influenced by the neighbouring sub- 
tropical region of permanent forests and high humidity which produce 
a very large fauna equalled only by the lower slopes of the hills in Assam 
and the Eastern Himalayas. No hibernation in the plains below ghauts. 
Many Ceylonese forms. 

10. Coromandel Coast.—Less well marked seasons to the Deccan, 
and a smaller flora to the West Coast. A large proportion of Ceylonese 
forms. 

We may roughly indicate the separate faunal zones into which we 
would divide British India as a whole exclusive of Burmah and Ceylon :— 

1. Indus Plain.—Tropical. 

2. Himalaya, West—Western Himalayas above 6,000 feet, inclu- 
ding Kashmir, Nepal and Kumaon. Holarctic. 

3. Sub-Himalaya, West.—Lower slopes of Western Himalayas 
2,000 to 6,000 feet. Subtropical forest fauna. 

4. Desert India.—Tropical. 

5. Central India, West.—Tropical. 
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Central India, West, Hills —Subtropical. 

Gangetic Plain, West.—Tropical. 

Gangetic Plain, East.—Tropical. 

Sub-Himalaya, East—Lower slopes of Eastern Himalayas 700 


to 5,000 feet. Subtropical. 


10. 


Himalaya, East.—Kastern Himalayas above 5,000 feet. 


Sikkim to Mishmi Mountains. Holarctic. 


mY 


Assamia.—Hills of Assam and Assam-Burmah border, in- 


clusive of Khasi hills, above 6,000 feet. Indo-Chinese. 


12. 


Sub- Assamia.—Lower slopes of Assam hills, 500 to 5,000 feet. 


Subtropical with strong Malayan affinities. 


13. 
14. 
15. 
16. 
LT: 
18. 


Sundarbans.—Tropical. 

Central India, East, Hills above 500 to 800 feet. Subtropical. 
Central India, East, Plains —Tropical. 

Deccan.—Tropical. 

West Coast, Plains.—Tropical. 

Western Ghauts.—-Hills up to 6,000 feet. Subtropical. This 


is probably divisible into three ; (a) Surat to Londa-Goa gap ; (b) Goa 
gap to Palghat gap with the Nilgiris, Coorg, Mysore Hills ; (c) South of 
Palghat gap, including Travancore, Pulneys, etc. 


Loe 


South India Hills —Hills of West Coast and South India 


above 6,000 feet. The fauna of this zone is not sufficiently known, as 


apart from the fauna below 6,000 feet, for this division to be more than a 
doubtful one. 


20. 
21. 


Coromandel Coast.—Tropical. 
Eastern Ghauts.—Subtropical. 


Classing these zones under elevation and climate we get :— 


a ee 


Temperate. | Subtropical, 


Tropical. 


Himalaya, West ... | Sub-Himalaya, West -«- | Indus Plain, 


: Desert India. 
Central India, West, Hills Central India, West. 


i East Sub-Himalaya, East Ga ngeti i 
. " Ae etic Plain, West. 
Assamia ee in Sub-Assamia : cers * ; ge 
: Sundarbans, 
| Central India East, Hills ... | Central India, East. 
Western Ghauts ; Decean. 
South India Hills Phen ia 


| Eastern Ghauts -«- | Coromandel Coast, 
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( HOLARCTIC.) (INDO-CHINESE. ) 
Himalaya West, (Scheme of In- Assamia, 
Baluchistan, dian Region.) Himalaya, Kast. 


Afghanistan, Burmah Hills, 


Indus Plain. 
Desert India, 
Centra] India, West. Sub-Himalaya, East, 
Gangetic Plain, West. Sub-Assamia, 
X 


‘Central India, Kast: 


West Coast. 
Western Ghauts,  , 
South India Hills.” Gangetic Plain, East. 
Coromandel Coast. > Sundarbans, 
Eastern Ghauts, 
Burmah Plains, 
Ceylon. Malayia. 


(SINGHALESE.) (MALAYAN.) 


Foop AND Hapirart. 


Insects live in a great diversity of ways, but it is possible to roughly 
classify these into groups ; this classification is of considerable value to 
the student in placing his insect ; for instance, a tree-boring insect will 
be a member of one of a small number of families, and it will often assist 
in placing an insect to look up the families which have a particular habit 
7.e., it is useful to classify insects according to food and habitat, as well 
as by structure and genealogy. For this purpose we tabulate below 
the principal families that live in distinct wavs, using food and habitat 
together as the basis of our classification. 


i (1. Live “In Exvits. 

| 2 ,, ON SEEDS. 

| Je Le LOWERS. 

| 4. LEAF AND STEM 
MINERS 

5. Lear AND STEM 
SUCKERS. 

I.—LAND INSECTS. A. Herpivorous. < 6. Lear AnD STEM 
EATERS. 

7. Gavi MaAKeErs. 

8. TREE BoRERS. 

9, Srem Borers. 

10. Root EATERS. 

14 


| 


Root Borers. 
\ | 12. Root SuCKERS. 
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( 13. Parasites, INTER- 
NAL OF VERTEBRATES. 
14. Parasites, ExXTER- 
NAL OF VERTEBRATES. 
B, PaRAasITEs AND 15. PARASITES, INTERNAL 
PREDATORS. op Innere 
16. Prepatrors,  STING- 
ING. 
I—LANDINSECTS < 17. Prepators, BITING 
—contd. AND SUCKING. 
18. ScavENGERS, ANIMAL 
MATTER. 
19. ScaAvENGERS, DEAD 
Woop. 
20. ScAVENGERS, VEGE- 


TABLE MATTER. 


C. ScAVENGERS. ~- 
ki HovusEHOLD INSECTS. 


| 


I1.—SALT WATER INSECTS. 
I1.— FRESH WATER INSECTS. 
IV.—MYRMECOPHILOUS INSECTS. 


1. Frurr Insecrs.—The Trypetide are conspicuous, as are such 
Tortricids as the Codlin Moth (Carpocapsa) and Tineide. Noctuids 
and Curculionids are found. In all cases it is the larve that live thus; 
Tenthredinide are rarely known. Some large moths (Ophideres) live 


sek 


on fruit juice. We exclude all “ Scavengers” in decaying fruits, of 
course, referring only to fruits on plants. 

2. SEED Eatine INsEcts.—Many insects feed habitually on seeds 
while ripening ; Bruchid@, Scolytide, Tortricide, Tineide, Pterophoride 
(Haelastis, Sphenarches), Noctuide (Chloridea, Earias), Pyralide being 
typical examples ; the Lycanid (Virachola isocrates) is an exceptional 
case. We omit all insects living on harvested seeds, classing them as 
Scavengers or household insects. 

3. Frower Insecrs.—Forficulide eat pollen, Masaride and 
Apide collect pollen. Fossores collect pollen, or feed on nectar. Phala- 
crid@ (larve), Nitidulide (larve and adults), Melyride (adults), Lam- 
pyride@ (adults), Mordellidw (adults), Curculionide (adults), Melolon- 
thide (adults), Cantharide (adults) feed on pollen or flowers. Most 
moths and butterflies and many flies, especially Anthomyiide, Syrphide 
and Bombyliide, feed on nectar. Tineide, Pterophoride, Cecidomyiide, 


Thysanoptera, Tingide also live in flowers, as larvee or nymphs. 
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4. Lear anp Stem Miners.—The Hispids and Halticids among 
Chrysomelids, and many Tineids mine under the epidermis of green leaves 
and green stems. Exceptional Micropterygids, Buprestids ( Trachys), 
and Acalyptrate Muscids are also recorded. 


5. Lear AnD Stem SuckEers.—The Thysanoptera, the whole of the 
Homoptera and Phytophthires, as well as most of the species of the fol- 
lowing families of Hemiptera live by sucking the sap of green parts of 
plants :—Pentatomide, Coreide, Berytide, Lygeide, Pyrrhocoride, Tingi- 
de, Capside. 

6. Lear Katine Insects.—All Phasmide and Acridiide, most 
Locustide, some Gryllide feed on leaves, as too do the larva of Tenthre- 
dinide, Melolonthid beetles, a few exceptional Carabids and Silphids, 
Kpilachnids in both stages, Cantharid beetles, Chrysomelids in both 
stages, and Curculionids (rarely in the larval, almost always in the 
imaginal stage) have the same habit. The larve of Lepidoptera in 
most cases are purely leaf eating. 

7. Gait Insecrs.—In India, the known gall insects are typically 
Psyllids, Tineids, Chalcids (fig insects) and Cecidomyiids, the first pre- 
dominating. Other families recorded elsewhere are Tenthredinide 
(Nematus), Cymipide, Buprestide (Ethon), Curculionide, Thysanoptera, 
Aphide and Coccide. | 

8. TreE-Bortna Insects.—The following families make tunnels in 
trees; Siricida, Buprestide, Cerambycide, Curculionde, Scolytide, 
(? Brenthide), Sesvida@, Cosside, Hepiahde, Arbelide. 

9. Svrem Borers.—-A large number of borers live in green succulent 
stems as opposed to those living in hard woody tissues. The families 
concerned are, Gryllide@ (Cylindrodes), Cephide, Tenthredinide, Phala- 
crid@, Erotylide, Buprestide, Mordellide, Curculomde, Scolytide, 
(Castniide), Noctuide, Pyralide, Cecidomyvide, Chloropide, Agromyzide, 
Geomyzide, Ortalide. 

10. Root Eattne Insects.—Very little is known of the lives 
of underground insects, but the following groups contain species that 
feed on plant roots in the soil. 


Melolonthid larve. 
Elaterid 33 
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Curculionid larve. 

Pyralid ,, (Crambidae, etc.). 

Noctuid ,, (rarely). 

Gryllid nymphs and adults. 

Tipulid larve. 

A few of the Silphida (Anisotomides), Dascillide and Bibiomde 


(Dilophus), have apparently the same habit. 


11. Root Borers.—The Hepialids are conspicucus as root borers ; 
the Sagrid@ are said to have this habit as have some Humolpids (Scelo- 
donta) and Galerucids (Diabrotica, probably Aulacophora) ; some Pyralids 
have it, e.g., Schewnobiine ; exceptional Buprestide (Sphenoptera) and 
Curculionide (Cylas) are also known. 


12 Roor Suckrine Insects.—Just as there are insects which suck 
plant tissues above ground, so others do below ground, but we know little 
of them. Probably a considerable number of species in the following 
families are concerned: Pentatomide, Lygaide, Cicadide, Fulgoride, 
Aphide, Coccide. In most cases it is probably the immature stages 
that have this habit. The best known example is the Phylloxera of the 
vine. 


13. Inrernau PaRaAsITES OF VERTEBRATES.—The Oestrid@ are the 
important group in which this habit is universal; the Muscids that cause 
Myiasis may perhaps be included. We omit the many recorded cases of 
insects bred in the human alimentary canal as being exceptional. 


14. ExTERNAL PARASITES OF VERTEBRATES.—So much is written 
of these we need only tabulate the families : Hemimeride (on rats), Mal- 
lophaga, Platypsyllide (on beavers), Hippoboscide, Streblide, Nycteri- 
bude, Aphaniptera, Polyctenide, Cimicide, Anoplura. We omit the 
non-parasitic biting flies. 

15. Parastres oF Insects.—The Parasitica among the Petiolate 
Hymenoptera, the Chrysidide, the parasitic Apide, and the Tachinide 
are the common parasitic insects. Other groups are the Mantispides 
(on spiders eggs), the Mordellids (Emmenadia, etc.) (the Clerides), the Can- 
tharide and Stylopide. Of Diptera, littleisknown, but we may mention 
Nemestrinide, Bombyliide, Pipuncuhide, Cyrtide, Conopide, Anthomyn- 
ide, Tachinide, Sarcophagide, Muscide, Braulide (external) 


. 
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16. PRepators, Stincinc.—-A peculiar class are those insects 
which sting insects to paralyse them and lay them up for their young ; 
they include only Eumenide, Pompilide, Sphegide, Scoliide. 


17. Prepators, Brrine AND SucKING.—It is impossible to indicate 
with any accuracy the families containing predaceous insects ; probably 
a very large number of insects living in soil and under bark are predaceous, 


notably beetles and smaller bugs. 

with remarks. 

Forficuhde ; ? 

Mantide ; all. 

Locustida ; some. 

Grylliide ; some, e.g., Schizodactylus. 

Odonata ;  larve and imagines. 

Raphidiides ; imagines. 

Panorpides ; imagines. 

Myrmeleonides ; larvee all; ima- 
gines ? 

Ascalaphides ; a " = 

Mantispides ; some. 

Hemerobiides ;  larvee. 

Chrysopides.; larvee? imagines. 

Coniopterygides ;  larve. 

Eumemde ; the wasps eat insects. 

Vespide ; . Aa ra : 

Cicindelide ; all. 

Carabide ;_ practically all. 

Silphide ? 

Staphylinide ; probably all. 

Histeride ; some, under bark. 

Trogositide ; some. 

Colydude ; some. 

Cucujide. rs 

Coccinelide ; nearly all. 

Malacodermide ; \arve all; ima- 
gines ? 

Oleride ; all. 


We tabulate a number of families 


Anthribide ; some. 
Brenthide ; imagines, larvee ? 
Lycaenide. (Spalgis). 


Noctuide ; \ A few species feed 
Phycitine ; on Coccids. 


Tineide. (Hypatima). 
Some Culicid larvee. 
Blepharocerids ? 

Therevids ; fly and larve. 
Muscids (Ochromyia). 
Some Anthomyiids & Ephydrids. 
Some Scatomyzids. 
Leptide ; larvee and flies. 
Tabamde ; " 
Asilide ; all. 

Empide. 

Dolichopide. 

Phoride ;  larvee. 
Syrphide ; ,, 
Bombylude 2? 
Pentatomide ; some. 
Lygeide ? many. 
Aradide ? 
Henicocephalide. 
Redwoude. 

Phymatide. 


Saldide. 
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18. Scavencers or AnrmmaL Marrer.—There is a very large class 
of insects that live upon refuse animal or vegetable matter as apart from 
those feeding on live plant tissue or on the blood or tissues of animal 
life. Ofthis class, a portion feed in dung, corpses, etc. The family 
Scarabeide are a notable example of the dung feeders, the Sarcophagide 
notable as breeding in corpses, the Formicide notable as carrying off 
dead insects. Other families are Blattide, Silphide, Staphylinide, Hist- 
erid@, Nitidulide(?) Cleride, Mycetophilide, Rhyphide, several Muscide 
Acalyptrate (Borboride, Sepsidw) and many Calyptrate, (?) Phoride. 


19. ScavencEeRs or Woop.—The insects that feed in dry or de- 
caying wood are a distinct class, but it is difficult in some cases to distin- 
guish them from the insects that prey on them. The following nine fami- 
lies are well known: Termitide, Bostrichide, Ptinide (Anobiides), 
Lymexylonide, Oedemeride, Cerambycide, Anthribide, Scolytide. Occa- 
sional Tenebrionids and Tineids may be added. 


20. SCAVENGERS OF VEGETABLE Matter.—This is perhaps our 
largest individual class since we have not the data on which to break 
it up into such groups as in the case of Herbivores. It is of extreme im- 
portance in the daily routine of agricultural entomology to be able to 
distinguish the harmless insect eating dry dead leaves from the injurious 
one eating living parts of the plant. We can here only enumerate 
the more important families or those in which the habit is known, with 
the remark that fungi are included as food of this class as well as decay- 
ing leaves, fruits, blossoms and other soft parts of plants. 


Aptera. Cryptophagide. 
Blattide. Erotylide (2? fungi). 
Embiide. Endomychide (? fungi). 
Psocide (? feeding on living fungi).| Mycetwide (fungi). 
Passalide  (larve). Latriduide (fungi). 
Lucanide  (larvee). Byrrhide (plant sap). 
Melolonthide (larve), Croide (fungi). 
Scaphidiide (fungi), Sphindide ‘fungi). 
Histeride 2 Dascilide (Eucinetus on fungi). 
Nitidulide. Elateride (? larve). 
Trogositide (Peltides on fungi). Nilionide (fungi). 
Colydude. Melandryide. 
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Anthicide. Lonchopteride. 
Calandrine. Syrphide. 
Mycetophilide (fungi). Phoride (larvie). 
Chironomida. Try petide. 
Psychodide. Sapromyzide. 
Tipulide. Anthomyide (larve). 
Bibionide. Thysanoptera ? 
Rhyphide. Aradid@ (? fungi). 


21. Hovusrtxnoup Iysects.—We cannot separate this class of insect 
clearly from the last or from some others logically, because our household 
insects are simply originally free-living ones that have found a living in 
man’s dwellings. Nor can we make a separate division of them on the 
same scale as the Myrmecophilous insects, as we should perhaps logically 
do. The student will find further information under the heading 
Cosmopolitan insects below. ‘The families concerned are :— 


Thysanura. Cucujide. 

Blattide. Nitidulide. 

Gryllide. Ptimde. 

Psocide. Bostrichide. 

Termitide. Bruchide. 

(Nemopterides) Cerambycide. 

Formicide. Pyralide (Gallerune, Phycitine). 
Silphide. Tinerde. 

Trogositide. 


We have excluded external parasites of mammals, though they may 
rightly be included here, since they are classed as above. 

Il. Marine Insects.—Very few insects live in, on, or within reach 
of salt water, probably on account of the difficulties of respiration due 
to the deposition of salts on evaporation of the water. 

Anurida among Aptera, Hpophilus among Coleoptera, Campontia 
among Chironomide, Eristalis and some allies among Syrphide@ live in sea 
water, Halobata, a genus of Hydrometrid@ lives on the sea. Some 
Forficulide, Carabide, Cicindelide, Staphylinide, and Muscide@ live in 
sea-weed on the beach. 

Ill. Fresuwarer Insecrs.—The student will find fuller informa- 


tion under the heading Aquatic insects after the family Odonata below. 
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We give here simply a bald list of families, but we make no attempt to 
class them into Herbivores, Parasites, Predators, and Scavengers as 


could well be done :— 


Collembola. | (Pyralid@). 
(Blattide@). Culicide@. 
Ephemeride. Chironomde. 
Odonata. Psychodide. 
Perlide. Diarde. 
Sialide Tipulidae. 
(Hemerobude). Blepharocerida. 
Trichoptera. | Simulide. 
(Chalcide). Stratiomyide. 
Amphizoide. Tabanide. 
Pelobude. _ (Syrphide). 
Haliplide.  (Acalyptrate Muscids). 
Dytiscide. _ Hydrometride. 
Gyrinide,  Pelogonide. 
Hydrophilide. Nepide. 
Heterocernde@. Naucoride. 
Parnide. _ Belostonide. 
Dascillide. _ Notonectide. 
Chrysomelide. — Corde. 
(Curculionide@). (Aphide). 
(Eupterotide). | 


IV. MyrmecoruHitous.—The student will find fuller information 
regarding Myrmecophilous insects under Paussid@. The. more import- 


ant families of which species are found in ant’s and termite’s nests 
are :— 


Gryllide. | Histeride. 
Melolonthide. | Thorictide. 
Pausside.  Cossyphodide. 
Silphide.  Syrphide. 
Grnostide.  Psyllide. 
Pselaphide. Aphide. 
Staphylinide.  Coccide, 
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Insects anp Man.—With the exception of domestic animals there 
is no single group of animal life which enters more into the daily life of 
man than insects. They live on us and around us; in our food, our 
clothes, our furniture, our houses; we eat them or their products, we 
collect them and even sew them on our clothing. All people eat 
honey, use bees-wax, clothe themselves in silk, and there is no one who 
has not, at one time or another, been dependent upon some member 
of the insect world. The luxury of the present age of civilised peoples 
has brought into being industries connected solely with the collection 
of the more beautiful and striking forms, which are worked up into 
wall ornaments, paper weights, etc., and form a part of the art of this 
age. (Witness the advertisement in the Studio ‘‘ Artistic Cases of 
Tropical Butterflies, exquisite colours and designs, supplied to many 
Art Schools, etc.) Man is, therefore, dependent on the insect world for 
so much, and though science may devise substitutes for the products 
derived from insects, some of them at least will never replace the 
genuine thing. No artificial honey will ever compare with the honey 
gathered by bees from thousands of flowers, fragrant of thyme or 
heather or logwood, though in this commercial age, chemically-prepared 
substitutes, composed of glucose and coal tar flavourings, are sold and 
accepted as genuine ; no substitute for bees-wax has been found, nor 
for shellac. It is likely that silk, as a commercial article among 
commercial nations, will be partly replaced by artificial substitutes, 
because the greatest value of true silk—durability—is of no value to an 
advanced civilisation which does not require to be clothed but costumed. 
Lac dye has been replaced by aniline, and though cochineal still holds 
its own for food colouring to some extent, it is probable that no insect- 
made dye will continue to hold its own against aniline dyes. 


These are the useful insects ; there are many that affect man in other 
ways. Why is it that almost every dry form of food sold and dealt in 
by commerce must be placed in a sealed package ? Why are millions 

of tins used yearly in a single city ? Why do we pay at least a fourth 
again of the value of biscuits, simply because of the tin? Very largely 
because of the ubiquitous insect, who would get in and eat them, if these 
things were not thus protected. Let any house- keeper in India think for 
a moment of her store-room and the precautions she takes, Sugar must 
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be isolated or ants will carry it off ; flour must be in a tightly-closed tin, 
or moth, weevil or beetle gets in ; no sweet thing is safe, once opened, 
unless isolated on water, dried fruits of every kind are spoilt by beetles, 
erain is eaten by weevils; pulse of all kinds harbours moths or beetles ; 
even tobacco and dried drugs are not exempt. Daily and hourly mankind 
is fighting the ravages of the insect world, which secks to take from him 
his last ultimate asset, his stock of food. Think of the countless sealed 
mud grain-stores there are in India, many in every village, and all because 
of the insect life around us. 

Let us take another aspect, that of disease; malaria, enteric, 
typhoid, yellow fever, plague, filariasis and elephantiasis, sleeping 
sickness (? kala azar, black water fever), each and every one of these 
means a yearly total of deaths, premature and unnecessary, caused by 
the agency of insects. Think of the enormous total of deaths from 
plague in India, since plague came into India little more than a decade 
ago; think of the desolation caused by sleeping sickness in Africa, of the 
countless cases of malaria in the tropics, of the extraordinary mortality 
from yellow fever, in old days, in the West Indies; go to the West 
Indies and see the numerous cases of elephantiasis ; men with legs like 
trees, men suffering from fever and ague for years which finally leaves 
them possessed of an elephant’s leg or arm; think of the death-roll 
from enteric! And after all this we may dimly realise the important 
part the insignificant insect world around us plays in our lives. 


This may be equalled by that part played by insects in inducing 
disease among our domestic animals. Thisisa purely artificial case 
‘atgely brought about both by our careless transfer of stock from one 
part of the world to another and by our own reckless disregard of the 
rudiments of science and of all reasonable precautions. Think again 
of the agriculturist and his foes; of the locusts which lay waste a 
district, of the bollworm that takes a tenth of the cotton-crop in India, 
or perhaps three-quarters of it in an occasional year : of the mothborer 
that kills one cane-shoot in three ; of the rice hispa that causes famine 
Gr ene rice grasshopper that destroys the paddy over a whole division: 
think of the trials of new and promising crops abandoned in the past, 
because insects ruined every plant on a small plot. Why does not 
tree cotton grow successfully in India, or improved American maize: 
why has no fruit industry been established in places where fruit 
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grows ; why is shade-grown tobacco not a success, or the cultivation 
of sunflower or ground-nuts in North India? What takes toll of 
every crop grown in this country to a greater or lesser extent? Insects 
im every case insects ; and insects are a factor to be taken into account 
in agriculture all the world over. 


Think of one’s daily life! There are cockroaches that smell, fish 
insects that eat our papers, ants that carry off our sugar, ‘“ gundies ” 
and other smelly things that flavour our food when they fall in, wasps 
and hornets that sting, mosquitoes that bite and annoy, to say nothing 
of sand-flies, that no mosquito net keeps out, and the bug and flea which 
continually pester us, the mud wasps that build nests in our books 
and close our locks; furniture beetles that wear out our chairs, the 
cheroot beetles that spoil our cigars, the book beetle that tunnels in our 
books, the moth that destroys our clothes. Daily and hourly we 
come in direct contact with insect life. Read the doleful comments of 
the Calcutta resident in August, asking why science cannot check the 
insects that come to his lamp during dinner and make his life a burden ; 
or the sad tale of the District Officer who had to vacate his bungalow 
because the wasps wanted it and had been accustomed to have it; or 
again the tale of the telegraph stores which were hurriedly wanted in 
large quantities, but could not be touched because hornets had built 
nests among them and actively resented any interference ; or that of the 
greatcoats ready to be distributed to the army, each being found with 
neat little holes eaten out by beetles. Impartial judgment and a 
dispassionate consideration of facts will show that insects have fully 
exploited man, and, that though man may think that he is dominant, 
he really is not, and that not tie least among his functions is that of 


providing food and occupation for insects, 


[t has been the custom of authors of all periods to reter all insects 
in some way to man’s well-being and economy. Every insect was, 
to them, created with some definite object from man’s point of view ; 
and one has only to accompany a party of visitors round a collection, 
even in this twentieth century, to find this view still expressed.“ What 
is the use of this?” ‘‘ Why was that created?” Man may or may not 
be the central being of this earth, but to attempt to refer the activities 
of all insects in some way to his welfare is, at least, a problem that none 
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would attempt. An American author says: “ fleas are good for a dog, 
because they keep him from brooding over being a dog,” and explana- 
tions of this kind are possible where our domestic insects are concerned. 
But, were insects given to that kind of mentality and speculation (as 
they may be), it would be interesting to get their views on man and his 
place in their nature. Assuredly it would not agree with ours ; equally 
itmay be, that, from any standpoint, whether material, mental, moral or 
spiritual, man is on no higher a level than insects ; and it might be better 
to classify our activities as they affected insects than to refer each insect 


to its *‘ use ”’ to us. 


A rough classification of the ways in which insects affect man may 
be attempted, chiefly with a view to securing clearness of idea :— 


1. Cause damage to growing plants directly. 

2. ss iY es Ae ,, indirectly. 

a: e af ,, stored products. 

4, - s ,, domestic animals directly. 
indirectly. 


5 ” ” 2? a ” 
6. Personally distasteful. 

7. Transmit disease to man. 

8. Assist agriculture directly. 

9: 4 a indirectly. 
10, Yield useful products. 


It is needless to dilate upon the first class ; all the insects that feed 
upon, or live in growing plants that are useful to man, are included. Of 
the second, we would say that very little is known, but that there may be 
a very large class whose quite unimportant attacks on plants open the 
way to the entry of fungoid or bacterial diseases, which may then be- 
come of great importance. ‘There is a great difference between the small 
damage caused by the cane-borer direct and that of the fungus it brings 
or lets in ; and the broader aspects of this question are as yet but little 
known. The insects injurious to stored products, to grain, flour, dry 
food-products of all kinds, to timber, furniture, books, paper, fabrics, 
to oo kind of human merchandise, made of material of animal or vege 
table origin, these are only too painfully familiar to us all, and, in the 


genial war i iti 
ge armth and moistness of the Indian climate, they find conditions 


admirably suited to their plentiful increase. Insects that directly injure 
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domestic animals include lice, ticks, fleas, horse-flies, bots, warbles and 
other parasites of cattle, horses, sheep, dogs, etc. Under the head of 
indirect injury is the transmission of disease, of which flies and pro- 
bably lice, fleas and horse-flies may be especially important. 


Of those personally distasteful, it is hard to speak. The mosquito 
that bites and sings, the cockroach that flies around before rain, the eye- 
fly that thinks its proper sphere is man’s visual organ, the crawling cater- 
pillar that falls from on high, each (and many more) is distasteful in 
some degree to different individuals. The dweller in Bengal is harried 
by hordes of perfectly amiable and delightful insects which join him 
when the lamps are lit. As I write, they swarm around me, in great 
variety, in pleasing profusion, adding, by their merenumber and senseless 
gyrations, to the irritation caused by climate, weariness, liver, etc. In 
some places “ gundies”? (Cydnine) are pre-eminent, in other places 
green fly (Jassids) ; the geranium (Cydnus) is familiar to some, while 
our curse here is varied but largely composed of beetles (Scaritids chiefly). 
Whatever they are, their profusion, their ubiquitousness, their buzzings 
and their singed or oily corpses cause an annoyance only to be appreciated 
by experience, and which forms not the least of the ills we bear. 


Elsewhere the reader will find an account of the insects transmitting 
human disease, the go-betweens, which add so enormously to the death- 
roll, which cripple so many lives and which constitute the first and 
greatest menace to human life in tropical countries. 


So far all is ill and were we to consider this only, then insects would 
have but a sinister significance. There is another side and still taking 
our anthropocentric view, we may consider the classes of insects on which 
man’s welfare depends. A very large class of insects promote tillage, 
by burrowing and excavating in the soil; they sweeten the soil and ren- 
der the growth of plants possible. This is especially the case in tropical 
India, where worms are not so abundant ; it is impossible to bring accurate 
proof of this, but it is easy to observe the countless borings of insects 
in undisturbed soil, especially under trees and where there has been no 
cultivation. In addition to this, insects do much directly to enrich 
the soil by carrying down dung, by burying carcasses, by causing the de- 
cay of fallen vegetable matter. It requires but little observation and 
thought tosee how large a part insects play in this, and how greatly they 
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assist in keeping the earth sweet and wholesome, and in rapidly restoring 
to the soil available food ; with the bacteria, the fungi and similar organ- 
isms, they play a great part in the constant cycle of matter through the 
soil to some form of life and back to the soil again. In these ways insects 
assist agriculture directly. Another great function they exercise is in 
pollination ; a large proportion of plants are dependent upon insects 
for their fertilisation and we largely owe the beauty of many flower forms 
of the plant world to the need the plant has of attracting the insect and of 
inducing it to carry the pollen. The significance of insects in this respect 
requires no proof; one can observe it both in the plants themselves and 
in their numerous insect visitors. 

Indirectly insects are also a benefit as they check themselves and also 
help to keep down the undue prominence of weeds and particular forms 
of plant life. It is perhaps a paradox to ascribe as a virtue to insects 
the fact that they check themselves, because, if they did not exist, no 
check would be needed ; still it is a sober fact that parasitic insects are 
an important part of the insect world, and if they were absent for a few 
weeks, India would starve. Finally, there are the useful insects. These 
are connected with :—(a) silk, (b) lac, (c) wax, (d) dyes, (e) medicine, 
(f) food for man, (g) food for domestic animals, (h) ornament. 

Those that yield silk are perhaps pre-eminent at present since im. 
portant industries are dependent upon the silk excreted by the pupating 
caterpillar of one of four moths. The value of the exported silk in 
1906-7 was 204 lakhs, but much more was produced and usedin the 
country itself. 

Lac is a large industry, one of the big staples of India, and, since its 
use 1s yearly growing and the source of supply is limited, it is an industry 
that brings increasing wealth to this country. The export in 1904-5 


was valued at Rs. 3,47,00,000 and, besides that, a large amount was used 
in India. 


Wax is still an article of export, fetching a high price and we may 
see established in the future a large industry in the domesticated bee. 
for the production of both wax and honey. The yearly export for the 


last twenty years has fluctuated between 3 000 ewt. and 7,000 ecwt. 
the value being between 22 and 7 lakhs. . 


The importance of insects ag dy 


e producers is gone. Even lac is of 
no value except on a small se 


ale. Medicine is still dependent upon insects 
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for Cantharidine, and these beetles may become a source of profit instead 
of a source of loss. As food, the bodies of insects are valuable to all but 
the most civilised nations ; while a not unimportant branch of trade is 
the collection of immature Formicide (““ Ant’s Eggs ’’) for feeding tame 
game birds and the capture of flies and other small insects as food for 
cage birds and the like is carried out on a large scale. 


Finally, insects are enrolled, with every other description of natural 
product, in the list of materials used by woman in her personal adornment. 
This is not as insignificant as it may appear and, though few insects can 


be used directly (e.g., Buprestids) many provide models for both art and 
millinery. 


Fig. 1—CAMPODEA STAPHYLINUS x 12. 
(From Lubbock). 


APTERA. 


Wingless insects, the mouthparts mandibulate. Antennae and legs simple, 
the integument soft, clothed in scales or hairs, the segments 
undifferentiated and littie co-adapted. There is no meta- 
morphosis, the development being gradual. 


The order includes only a small number of minute wingless insects 
of extreme delicacy, supposed to be scavengers. The mouthparts are 
concealed, formed for biting. The legs are often long, and there are 
frequently abdominal appendages in the form of cerci, springs, etc. 
The body may be completely clothed with fine scales. There is no meta- 
morphosis and no changes take place in external appearance during life, 
except growth in size. Most of them live in concealment, their food con- 
sisting of dried or decaying vegetable matter, so far as is known. None 
are of importance economically, one genus, Lepisma, being a minor 
household pest. 

Aptera are divided into two suborders and eight families. The 
Thysanura have ten abdominal segments and consist of four families, 
The Collembola have six abdominal segments with a peculiar tube-like 


structure below the first. 


Campodeide. | hee 
eer Japygide. | odurida. 
THYSANURA.9 Wrachilide. | OMLEMBOLA. 9 cnamthuride. 

Lepismade. | Neelide. 

CAMPODEID &. 


The abdomen terminates in a pair of jointed cercr; the 
mouthparts are concealed. 

The cosmopolitan insect Campodea staphylinus Westd. (Fig. 1) ora 
form very close to it occurs in India in damp moss, among damp decay- 
ing vegetation and in similar positions. It is a slender white insect, 
with moderately long antenne, with cylindrical body and with two 


anal cercl. 
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JAPYGID A. 


The mouthparts are concealed. The body 
terminates in a pair of forceps. 

These delicate insects will be readily mistaken 
for young Forficulide, though the hidden 
mouthparts serve to distinguish them. They 
are said to live in moss and under leaves, stones, 
etc., on the soil, though nothing is on record 
as to their habits in India. Wood-Mason 
records finding a single species in Calcutta, 
(Journ. Asiat. Soc., Bengal, 1876; Ann. Nat. 
Hist. IV, 18). Japyx oudemannsi, Par., and 
J. indicus Oudem., are reported from Burmah. 
We have found one species (Fig. 2) common 


among decaying vegetation and in soil; itis a 


Fig, 2—JAPYX SP. x 8. : ‘ ; 
: delicate white in- 


sect, with the forceps chitinised and brown. 
itis common in Pusa and in Nagpur, and is 
probably common throughout the plains. 


MACHILID &. 


Well developed compound eyes are present. 
The mouthparts are exserted and visible. 


Apparently more than one species of this 
family occur in India, one on rocks and an- 
other among dry decaying leaves. 

The latter is a dark grey insect found 
in the open. The body is elongate, a little 
over a quarter of an inch long (without the 
cerci) tapering from the base of the abdo- 
men to head and tail. Compound eyes are 
situated at the vertex of the head; the 
antenne are simple and tapering. The 
mouthparts are inconspicuous with long 


maxillary and shorter labial palpi. The 


body is densely scaled and ends in three 


(From Lubbock). 


Fig. 3—MACHILIS POLYPODA’ x 4. 
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cerci of which the middle is the longest. On the ventral surface of 
the second and third thoracic and each abdominal segment is a slender 
jointed appendage, those on the 6th, 7th and 8th abdominal segments 
being longest. The legs are simple, tapering, the joints little differen- 
tiated, the tarsi two jointed. The female has a straight slender 
ovipositor. These little insects runon rocks and live in the cracks; they 
are apparently nocturnal and appear to feed on lichens on the rocks. 


Assmuthia is a_termit- 
ophilous genus constituted 
by Escherich for the recep- 
tion of 4. spinosissima and 
A. inermis from India (Zool. 
Anz. 30, p. 744).  Platy- 
stelea barbifer, Esch. is also 
recorded from nests of ter- 
mites in India. 


LEPISMID &. 


Body flattened, clothed in 
scales; eyes small, mouth- 
parts exserted. 


The common fish insects 
of houses are members of 
this family and are found 
throughout India, as pract- 
ically throughout the world. 
Annandale has recorded 
Lepisma (Acrotelsa) collaris, 
Fabr., asa fish insect of Cal- 
cutta (Journ. Asiat. Soc., 
Bengal, .1906, Vol. LI, p. 
346), and mentions this as 


the only recorded Indian 


species. The Himalayan 
Fig. 4--LEPISMA SACCHARINA x 6, species is apparently L. 
Cee RUE OUT! saccharina (Fig. 4). 
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Lepismids are common enough, though all may belong to the 
above species; they shun light, live behind books among paper and in 
dark corners and are supposed to feed on starchy and sugary matter. 
Their body is clothed with flat scales which give them a greasy feel 
and the shiny appearance that characterises them. The surface of 
paper is commonly eaten by these insects probably because of the 
material used in glazing it and they can be in this way destructive. 


Collembola. 


We are not aware of any described Indian species and only a few 
have been collected or observed. Species of the first two families 
appear to be common in damp situations as in decaying vegetable matter 
and wet moss, under stones by streams, where water drips and under 
bark. In general one finds such conditions for so brief a time in the 
plains that these delicate insects are probably not abundant, though 
they are so in the hills. 

Collecting—Though of no economic importance, this order is well 
worth studying. The best method of collecting is to use a camel-hair 
brush, which is dipped into a mixture of glacial acetic acid and strong 
alcohol and with which the little insects can be caught and put in a 
tube of this mixture. They are afterwards transferred to 10% spirit. 
Berlese’s funnel trap is a good method of separating these insects from 


leaves, moss, etc. 


ORTHOPTERA. 


The antenne filiform or setaceous, of variable length. The mouthparts 
mandibulate, of the herbivorous type. The first pair of wings (tegmina) 
thickened, coloured or ornamented, narrow with nearly parallel sides. 
The second pair of wings large, membranous, with many fine nervures, 
hyaline and often coloured, folded below the first pair in repose. The 
forelegs formed for running or for capturing prey. The hind legs formed 
for running or leaping, in the latter case long and powerful Cerci are 
usually present. There is no perfect metamorphosis, the young diftering 
from the adult chiefly in size, colour and the absence of functional wings 
and reproductive organs. A small proportion never become winged. 
The imaginal life is often longer than the nymphal life and occupies 

_ the greater part of active life. The order includes moderate to large 
sized insects, the majority scavengers or herbivores, a part predaceous 
on other insects. None are aquatic, social, or parasitic in living plants 
or insects. 


The order is divided into seven clearly defined families, four of which 


form one series in which the hind legs are normal, three of which form 
a second series in which the hind legs are long and formed for leaping. 


Forficulide. Abdomen terminates in forceps. Teg- 
mina shortened. (Plate 1, fig. 1). 


Blattide. Flattened, head deflexed, coxe large. 


HIND LEGs | (Plate 1, fig. 2). 
NORMAL. Wie Forelegs raptorial. Prothorax long. 


(Plate 1, fig. 3). 
Phasmide. Mesothorax long. (Plate 1, fig. 4). 


domen. (Plate 1, fig. 5). 


Hinp LEas |Locustide. Antenne long. Auditory organ on fore- 
FORMED tibia. Tarsi four-jointed. (Plate 1, fig. 6). 
FOR LEAPING. 


| Acridiide. Antenne short. Auditory organ on ab- 


Gryllide. Antenne long.* Auditory organ on 
fore-tibia. Tarsi three-jointed. Teg- 
mina angled. (Plate 1, fig. 7). 


* Except Tridactyline recognisable by the absence of hind tarsiand @ryllotalpa, 
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Lepismidiese families are in the main clearly distinct, their relation- 
above speci#no means clear. Many entomologists regard the Forficuli- 
dark corzparate order (Euplexoptera). Blattid@ are a geologically an- 
Their Mnily whose connection with present day insects is not clear. 
andsmide are also an ancient family from which may have branched 

the Mantide@ on one side, the Acridiid@ as well as the Locustide@ and 
Gryllide onthe other. The last two are undoubtedly closely allied 
and such aberrant forms as Schizodactylus may well be placed in 
elther. 

Gryllid@ is much more an aggregation of divergent tribes which 
may or may not have a common ancestor and so be included in one 
family, than is for instance Acridiid@ which is a homogenous family. 
Until further evidence is available, a reasonable view is to regard Blattide 
and Phasmide as two archaic families still existing in a slightly modified 
form, from the latter of which descended the carnivorous Mantide@ on 
one side, the common ancestor of the Acridiid@ and the herbivorous 
Locustide on the other, from which we have the carnivorous Locustida, 
the burrowing crickets (from some such form as Schizodactylus), the 
various other tribes of Gryllide@ from other forms of primitive Locus- 
tide. The Forficulide are possibly an off-shoot from a primitive form 
of a Blattid ancestor and although retaining the characters of the 
primitive Orthopterous ancestor, are now distinct; it is equally probable 
that they are a distinct family more closely related to the primitive an- 
cestor of the Coleoptera. Whatever view may be held by science when 
more information is available, these-seven families are usefully aggregat- 
ed in one order and the separate families are, as a rule, easy to distin- 
guish. It is unfortunate that the name Locusta should have been applied 
by Linneus to an insect that is not sufficiently close to the ‘‘locusts’’ to 
be in the same family; the result is that taking the family name from the 
oldest named member, Locustid@ does not include ‘‘locusts’’ which are 
Acridude. Entomologists sometimes evade the difficulty by naming 
the Locustid family Phasgonurid@ or by transposing the names and ap- 
plying the name Locustid@ to the Acridiide. Mr. Kirby calls our Acridi- 
ids, Locustid@, our Locustids, Phasgonuride, and our Gryllids, Achetide. 

The more important papers are the following :— 

Stal, Recensio Orthopterorum (1873), Brunner, Revision du Sys- 


teme des Orthopteres (1893). Walker—Catalogue of Dermaptera Sal- 
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tatoria (1869-1871). Bolivar—Orthopteres de St. Joseph’s College (Ann. 
Soc. Ent. France, 1897, p. 282; 1899, p. 761; 1901, p. 580). 


ForFIcULID&.—Earwigs. 


Slender insects, the forewings short and covering the hindwings, which 
are large and radially folded ; the abdomen terminates in a 
paw of processes formed like forceps. 


Fig. 5—AN EARWIG WITH EXPANDED WINGS, 


The earwigs are medium-sized insects, rarely exceeding half an inch 
in length, rarely less than one quarter of an inch. The forceps at the 
extremity of the abdomen is characteristic of the family and while very 
diverse in form, is at once recognizable. There is a superficial resem- 
blance to the Staphylinid beetles but the latter never have forceps. The 
colours are sombre, black, brown and chestnut predominating; none 
are brightly coloured but all have the dull colour of insects that live in 
concealment or on the surface of the soil. 

The head and body are somewhat flattened, the legs of moderate 
length, adapted to running swiftly on the surface of the soil. The an- 
tenn are about half the length of the body, composed of a number of 
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almost moniliform joints. The mouthparts are of the mandibulate type, 
the mandibles formed for crushing the food, the labium and maxille for 
further mastication of the crushed food. The labial and maxillary 
pulps are apparently tactile organs, used to determine the nature of the 
food, The compound eyes are large with many facets; the thorax 1s 
of moderate size, its parts little coadapted; the upper wings (tegmina) 
are short and thickened, rarely covering more than the base of the ab- 
domen. The lower wings fold into small compass, but are large, round, 
with short radial ribs, the outer part folding back on the basal, the basal 
folding radially as a fan does; this wing is a beautiful structure, which 
can be opened with care and in which the method of closing is more com- 
plex than in the wings of any other insect. The abdomen is often 
broader than the rest of the body, the segments imbricate, terminating 
in the forceps which are in some species half the length of the whole body. 
These forceps vary immensely in size and structure in different species 
and are not constant in length even in the same sex of some species. 
Those of the male are commonly larger; bilateral symmetry is not 
always preserved, and in a few, one limb crosses the other. The sexes 
are similar in general appearance; the male, however, having a greater 
number (nine) of visible ventral segments, the female having only 
seven. There are wingless forms, also some in which the tegmina are 
reduced to functionless lobes. These species resemble the young of 
winged species, but the latter have a softer integument, less developed 
forceps and a smaller number of joints in the antenne. 


Little is known of the life history and habits of Indian earwigs, 
though that little agrees with what is known of the family elsewhere. Of 
these insects, as a whole, it may be said that the round white eggs are 
laid in a mass in the ground or in shelter, the female in some cases re- 
maining with them until they hatch. The young are white at first and 
while similar in general form to the adults are likely to be mistaken for 
Thysanura. The transformation is a gradual one, the number of moults 
not being known. The following account from Cuvier’s Natural History 
relates to Forficula auricularia, Linn. the Kuropean Earwig :— 


‘* This curious insect,’’ observes Mr. Kirby, “‘so unjustly traduced 
by vulgar prejudice—as if the Creator had willed that the insect world 
should combine within itself examples of all that is most remarkable in 
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every other department in nature—still more nearly approaches the 
habits of the hen in the care of her family—she absolutely sets upon her 
eggs, as if to hatch them—a fact which Frisch appears first to have no- 
ticed—and guards them with the greatest care. Degeer, having found 
an earwig thus occupied, removed her into a box where there was some 
earth, and scattered the eggs in all directions. She soon, however, col- 
lected them, one by one, with her jaws, intoa heap, and assiduously sat 
upon them as before. The young ones which resemble the parent, ex- 
cept in wanting elytra and wings, and, strange to say, are, as soon as 
born, larger than the eggs which contained them, immediately upon 
being hatched, creep like a brood of chickens under the belly of the mo- 
ther who very quietly suffers them to push between her feet and will 
often, as Degeer found, sit over them in this posture for some hours. 
This remarkable fact I have myself witnessed, having found an earwig 
under a stone which accidentally turned over, setting upon a cluster 
of young ones, just as this celebrated naturalist has described.’’ 


Diplatys longisetosa, Westw. has a remark- 
able nymph (fig. 6), in which the abdomen 
terminates in a pair of long many-jointed pro- 
cesses, of which the basal joint, at the final 
moult, is transformed into the forceps (Green, 
Trans. Ent. Soc., London, 1898, p. 381 [Dys- 
critina| ). 


Equally little is recorded or known of the 
food of earwigs. Apparently it consists of decay- 
ing vegetable matter, of pollen, of the sap of 
plants and possibly often of small insects or other 
small forms of animal life. Harwigs are found in 
decaying trees, under bark, among rotting vege- 
tation and the deposit of leaves under trees, under 
stones, in flowers, in the tangled roots of plants 
(e.g., Sugarcane), and in other similar situations; 
they hide away and live principally under 
shelter in damp places. Their form is adapted 
EE en to running quickly and easily among leaves, 


TOSA, NYMPH, grass, roots, etc., and flight is but rarely utilised, 
(After Green). 
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Labidura lividipes and L.. riparia, fly at night and come frequently to 
light, the only Forficulids observed to have this habit. They are not 
formed for actual burrowing, but are part of the Fauna of the surface of 
the ground, as are the Carabidae, Blattide, Tenebrionide, Lygerda, etc. ; 
less is known of this ‘‘surface fauna’’ than of any other, from the great 
difficulty of observation. The function of the forceps is a mystery that 
will be cleared up only when their food-habits and general life are 
better understood. It has been suggested that the forceps, though 
not actual weapons of defence, appear as such and give the insect a more 
formidable appearance which protects them against the enemies that 
occur in their habitat; a few species can actually use their forceps as 
feeble pinching organs and the power to do so may have been more 
fully developed in the more primitive species; there is also some 
reason to believe that the forceps are useful in carrying out the rather 
complex folding of the hind wing; neither explanation is a satisfactory 
one. 


Earwigs are most active in the rains and damp weather, being de- 
pendent upon moderately damp conditions ; in irrigated lands they are 
active throughout the year except when cold drives them to hibernation 
in shelter, as happens in colder parts of the plains. There appear to be 
no definite seasons for reproduction, and individuals of different ages 
may be found at any time. None are recorded as pests in India, though 
they are often believed to be injurious owing to their habit of coming 
to wounded tissues of plants to obtain sap ; they are thus found under 
very compromising conditions, but investigation has shown that the in- 
jury was caused by other insects, and there is no reason to believe that 
any can be regarded as pests. A few are constant frequenters of the 
sea-shore and are found almost throughout the world among the sea- 
weed and debris thrown up on the beach. 


Karwigs are found throughout the temperate and tropical parts of 
the globe ; they are less common in India than in other countries, but a 
fair number of species are already known from India. They do not fall 
into well-marked sub-families and may be regarded as a distinct and 
fairly homogeneous family. Bormans and Krauss describe 76 species 
from India including Burmah, the majority being Burmese species, 
Kirby’s catalogue gives only 48 as Indian, and more have been described 
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from India by Burr; this does not include species found in Ceylon only. 
The number of known species will be increased when more attention is 
paid to this group in India, and some of the commonest species have 
been found to be undescribed. The student should consult Burr’s 
paper on Ceylon Forficulide (Jour. Bombay Nat. Hist. Soc., XIV, 59), 
his papers on Indian species (Jour. Asiat. Soc. Bengal, 1905, Dalits 
and 1906, p. 387); and his revision of part of the family (Trans. Ent. 
Soc., London, 1907, p. 91). 

Diplatys is represented by several sub-tropical species; D. longi- 
setosa, Westw. is marked by thelong multi-articulate sete of the nymph, 
the basal joint of which is stated to be- 
come the forceps of the adult. Forci- 
pula has three species in India; Labidura 
is represented by several species. L. 
riparia, Pall. L. bengalensis, Dohrn. (fig. 7), 
and L. lividipes Duf. are common in grass 
and are obtainable in numbers when a 
grass lawn is flooded with water. An- 
isolabis maritima, Gene. is a world-wide 
species, found in sea-weed on the beach. 
A. annulipes, Luc. is a wingless species, 
found abundantly in the plains on the 
soil. Labia minor, L., is a common insect 
not only in Asia but in Europe, Africa 
and America, found in flowers and on 
plants, rarely seen on the wing by day. 

“= Chelisoches is represented by nine species, 
C. morio, Fabr. being spread over 
the coasts of the South Pacific and 


Indian Oceans. C. melanocephalus, Dohrn. has been found commonly 
e tunnels of the borer caterpillars in 


Fig. 7—LABIDURA BENGALENSIS. 


in sugarcane roots and also in th be 
Apterygida gravidula, Gerst. 18 widespread an ere are 
Several species of Forficula are recorded, 
the common earwig of 


the cane. 
other species of this genus. 
though the widespread F. auricularia, L., 


Europe, has not been found. . re 
Collecting. —Earwigs will be found only by patient search if they are 


to be specially collected. In the course of general collecting one finds 
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them in flowers, under stones, among decaying vegetation and fallen 
leaves, among debris onthe beach. Some are found in houses, especially 
in damp places, such as bathrooms in the hot weather ; others will be 
found at the roots of plants in the cold weather. Many come to sap, 
or are found in bored canes or in other situations where the sap of a 
plant is exposed. A few come to light, but this is rarely a useful me- 
thod of collecting them. When caught, they should be killed in a 
cyanide or B. C. bottle and pinned through the right wingcase. Care 
is needed to open the left lower wing, though this is not usually 
necessary. 


WHERE INSECTS LIVE. 


InsEcts are small creatures and very abundant; where are they all? 
At some times in the year one can easily gather at least one hundred 
thousand insects within one day over a space of, say a few acres; at 
another time there would not appear to be an insect obtainable in that 
space and yet the insects must be somewhere. It is when one comes to 
try to answer this question that one realizes the absolute truth of the 
statement that insects are to be found everywhere on the surface of the 
earth within a narrow zone which includes 20 feet of the solid soil, the 
vegetation that stretches up from the soil for some 100 feet, and to a 
slight extent the air above. Excepting for the moment the artificial 
erections of man, we are not far from the truth in saying that this zone 
Is very completely occupied by insect life in some form or other. It may 
be hoped that light will be thrown on this point some day by the very 
careful investigation of the fauna of, say one square mile of the earth’s 
surface, including this zone we speak of, covering average areas of fallow, 
crop, grass land, bush, jungle and forest. The number of actual living 
Insects In some form or other will be surprising. Commencing, say 20 
feet down, there are the deeply burrowing insects, the termites, the dung 
beetles, the Cicadid nymphs, and the crickets ; within six feet of the sur- 
face we come to the insects that burrow, but do not go so deep; the ants 
are conspicuous examples, as are all the above-mentioned insects which 
cannot go deep in some soils; Scarabaeid grubs are near the surface, as 


oe pod maggots, Cicindelid grubs; nearer still to the surface are 
we Surtace crickets which only make tunnels as shelters. the many 
digger wasps and other ) 


Soi ane A epagee boring Aculeates, the burrows of some Carabids, 

as Anthia; quite near the surface our fauna might be immense if we 
dug in winter, as we should find the countless pupze of the hibernating 
sss & moths, of Diptera ; we should also find the many eduiin 
which seek shelter there, as well as abundant egy “manea ahd iany 
eae ve nov yet ready to pupate. At any season there 
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would be many such, not hibernating, but pupating or feeding or in the 
egg stage. The fauna of these few inches would be of great interest 
and we venture to assert that, in India at least, much heht would ie 
thrown on many insects’ life-histories were it better known. Coming 
to the actual surface a large fauna would reward us where any fallen 
leaves and the like offered shelter and food ; we have referred often to 
this fauna, a very extensive medley of black and dark brown insects 
such as Karwigs, Cockchafers, Embiids, Carabids, Staphylinids, Gage 
cornia of many families, Tenebrionid and other beetles, as well as the 
Cydnine division of the Pentatomide, the Lygeide, the Reduviids and 
the Capsids ; besides these there are the abundant larvex of beetles of 
Diptera. a few of Lepidoptera, probably outnumbering all the remain- 
der and teeming in favourite places. A square foot of good soil covered 
in leaf mould offers a great variety anywhere, and it is only on very dry 
or hard soil that one can anywhere find a square foot unoccupied and 
usuaily no square inch. This little part of our zone is one centre, the 
home of the ight-shunning surface fauna which works at night and which 
makes up so large and so unknown a portion of the fauna. It may be 
noted that this part of our fauna is probably far less important in sub- 
tropical India than it is in tropical India, the surface fauna in the former 
being comparatively small. Above that we are on surer ground and the 
variety is not so confusing ; for each part of our plants will have their 
own fauna; the stems contain borers, the Buprestids, Cerambycids, 
Pyralids, Cossids and the like; the bark shelters multitudes if it is 
at all loose or decomposing and here again is a centre of activity, 
nor rivalling our chief centre but very important and crowded ; 
even the outside of our stems and trunks has cocoons and such like, as 
well as a whole fauna of its own in the case of a large tree round which 
debris collects. No one has ever described the fauna of the heap of de- 
caying leaves, bark, etc., found round the base of the trunk of a large 
pipal, for instance, which 1s the home of numberless insects, the resting 
place of pupee, the place of deposition of egos. Our low plants have their 
own fauna, a very large one too, of herbivorous caterpillars, of leafmining 
Diptera, Coleoptera and Microlepidoptera, of gall insects, of the seed- 
eating species of caterpillars, of the sucking bugs and aphids ; apart from 
the plant, the two feet or so of air space round the plants teems with the 
active flying forms, with bees and wasps, with butterfiles and beetles, 
with flies and grasshoppers, all the lives that lives on and round and among 
low plants. It is this fauna which is, in moist sub-tropical India, with 
its immense flora, so extensive and which is of much greater relative im- 
portance in this zone than it is in tropical India. A Se a D of this 
fauna is found higher up, in or among the taller forms o vegetation, 
large extent this fauna is quite dis- 
such as bamboos and grasses and to a large ex fale p 
tinct if, as is true, human beings live wholly in the sais e : she a 
lying immediately over the soil, so also insects are largely restricted eac 


‘eve there is a very distinct and peculiar 
to its particular zone, and we believe there 1s a very and } 


, wwaela: ? ‘ino insects that may be seen 
fauna of the air at the tree levels ; the dancing nse 7 
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in such myriads on a clear still day are certainly peculiar, and 1t 1s at 
least probabie that 1 number never come, in this form, within our ken, 
but remain at higher levels; then too no one knows what insects are 
found in the air above the trees or how far this zone extends ; what do 
swallows get when they are hawking high up, far above the trees? Alt- 
ken speaks of a butterfly (Melanitis ismene) soaring far above into the 
air and no one knows what countless forms of winged insects may not go 
to these levels as soon as they emerge. There must be a limit to this 
zone, but we would hesitate where to put it unless, for the plains, we give 
an outside limit of, say 3,000 feet. When the day of flying machines 
dawns we shall certainly find insects of interesting kinds above the trees, 
and we should like to see ‘‘kite’’ nets employed to investigate the 
fauna. 

Tt is perhaps not unprofitable to consider, in the light of the above 
remarks, how little of our insect world we probably know or attempt 
to know. In this country, progress beyond the stage of classifying and 
naming the insects most easily got has scarcely been made at all and this 
must come first; but it is certain that the only insects that have been 
found, named and placed in Museums are those which fly by day, or 
which live on bushes, etc., above ground, or which come to light. <A 
ereat number of insects come to light, notably perhaps a part of the 
‘‘surface soil fauna’’ and other retiring insects; but we do not know that 
there are not hordes which never come to light, which are never seen, 
and of which we are quite ignorant. This is true probably of all countries 
and the fauna of the soil, except as regards the large forms, is extremely 
little known even where naturalists and collectors abound. (The same 
is to some extent true of freshwater.) How much more will this not be 
the case with the tropics, especially with the drier parts where much of 
the fauna is known to go to the soil. We knew from experiment that 
many species go to the surface soil to spend the hot weather ; but there 
are no records that they were ever found there ; put out a light trap on a 
still moist evening during the monsoon and see the countless insects 
that come and the number of kinds; very many are never found in any 
other way, yet they and how many more, must be hidden somewhere. 


BLaTTip#.—Cockroaches. 


Flattened insects, the large forewings lying flat on the abdomen, 
comoletely covering the hindwings. Coxe large and covertny 
the lower surface of the thorax. The head 
turned down and hidden from above. 


NS have a very characteristic general appearance and are 
usually recognizable at sight ; they include small fragile insects of a 
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quarter of an inch in length to larger robust forms which measure nearl 

two inches. They are coloured in sombre sheds of brown ae bine 
only a few species with conspicuous bands or Spots of yellow or ee 
which may constitute a degree of warning coloration and are usually 
found in the diurnal species living to some extent exposed. The an- 
fennz are long and filiform, functioning ag delicate sense organs ; the 
mouth-parts are of the non-predaceous biting type, the mandibles short 
and massive, the labial and maxillary palpi well developed. The body 
is generally soft, the chitinous plates of the integument not firmly united 
and the chitin usually less thick than in other insects. The flattened 
; body and slippery surface 
enable the insect to hide 
im crevices and render it. 
more difficult to capture. 
The abdomen terminates 
in a pair of short jointed 


cercl, whose precise func- 
tion is not known. The 
legs are long, thickly 
spined and formed for 
quick running; the first 
pair are reduced in some 
species. (Fig. 8.) Males. 
and females are generally 


similar in appearance, the 
former lr® sume instances 
with a pair of slender 
styles at the genital open- 
In several species the 


Fig. 8 —POLYPHAGA AGYPTIACA. ; 
From below. Ing. 


nly imperfectly developed, this being 
throughout the family. 


wings and tegnima are absent or o 
correlated with the general disuse of the wings 


It is difficult to distinguish the wingless adult from a n 
e hind angles of the mesonotum and 


ymph of a winged 


form; the presence of lobes at th 


metanotum shows the insect to be a nymph of a winged species, In most 
cases. 


is : aie sin the’ general features. 
The life-history of all known species agrees in the genet 
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Eggs are laid in the forms of a capsule, (fig. 9) a brown hard structure 
of characteristic form containing a considerable number of eggs. In 
Periplaneta americana, out of seven ege-capsules, four contained 16 
eggs, two contained 18 and one only 12. Each capsule consists of a 


Fig. 9.—STYLOYGIA RHOMBIFOLIA. 
Adult female and egg-case. 


double row of cigar-shaped eggs, surrounded by a chitinous coating 
which is joined by a wavy line which runs along the one end of the 
rows of eggs; when the eggs hatch, this line opens, allowing the young 
emerge. It is probable that the expansion of the eggs before hatching, 
a common phenomenon, is the cause of the opening of the egg-capsule, 
but it is also stated that the cement joining the edges is softened by a 
fluid secreted by the embryo just before hatching. The egg-capsule 
is not always deposited by the female as soon as formed, but is in some 
species carried in the oviduct almost until hatching ; in a few foreign 
species this habit is carried to the extreme, and the eggs are carried till 
the young hatch. An egg cluster of Periplaneta americana laid on the 
2nd July, hatched on 27th July and the nymphs were only half-grown at 
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the end of the following April. The young which emerge from the e 
capsule are in general form similar to the adult, the skin softer a 
antenne and cerci with fewer joints, the wings absent. The aemnbes i 
moults is not known; in captivity, development is slow, the common 
household species (Periplaneta americana), requiring several months to 
come to maturity. There is reason to believe this is the case also with 
the free-living species, and since the possession of wings is usually a 
matter of slight importance and the habits remain unchanged, there 
would not appear to be any necessity for quick nymphal as velonmet 
The total length of the life history is not known, but the imaginal ie 
the nymphal, life is probably comparatively long. | 


In all stages, cockroaches are found amongst fallen leaves, on the 
surface of the soil, under stones, in thick grass, and on trees and plants. 
The majority are nocturnal, living in concealment on the surface of the 
soil and forming a part of the large ‘“‘surface fauna.’’ The tree and 
bush species are diurnal in habit. A few are household insects living in 
buildings and these are undoubtedly wild free-living species which have 
migrated into man’s dwellings. The food consists of dead animal and 
vegetable matter; these insects are “‘scavengers’’ and none is known 
to feed on living plant tissue or to attack living insects. Plant sap, de- 
caying plant tissue, dead insects and the like probably represents the 
food of the free-living species. The household species have the same 
food-habits, a great variety of animal and vegetable substances forming 
their food while their dead brethren are freely eaten when hunger 
presses. Nothing is known as to the activities of Indian species during 
the different seasons. Hibernation, where necessary, 1s apparently pass- 
ed in any stage and there appear to be no special ‘‘seasons’’ when 
cockroaches breed. Excessive cold, excessive heat, drought or hunger 
cause a cessation of reproduction, development and activity but no 
definite seasons have been made out. No species is known as a_ pest, 
though those which live in houses are objectionable and destructive. 


Since these insects are dependent upon crumbs, scraps, and access to 
human food, cleanliness and care should prevent them thriving. Where 
they are abundant, the simplest precaution is the use of borax, mixed 
with double its weight of syrup, as a poison ; many ingenious traps are 
also useful when baited with intoxicating liquor. The principal check 
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on cockroaches are egg-parasites ; the ichneumons of the genus Luana 
lay their eggs in the egg capsules of cockroaches and the household 
species are not exempt from attack. Field cockroaches are attacked by 
fossorial wasps of the genus Ampulea, which sting them, deposit them 
in holes or crevices and lay anegg on them. The unpleasant odour of 
the household cockroaches is probably protective and is due to the se- 
cretion of liquid from glands placed between the 5th and 6th abdominal 
‘segments. (Minchin, Q. J. M.8., X XIX.) 


It is known that cockroaches contain internal parasites belonging 
to the Gregarine division of the Protozoa, as well as parasitic bacteria, 
Nematodes (Oxyuris), Hair worms (Gordius) and a Filaria. It is also 
probable that the large centipedes which enter houses in India are 
seeking blattids. Rats also feed on 


Usd _y9>D95, 
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BER thee it 
¥ a ¥ cockroaches. 
: 4 
pM, i The family is a comparatively large 
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one, with many described species, 
occurring in all parts of the globe. 
The majority of the Indian species 
are described by Brunner and Bolivar. 


Kirby’s recent catalogue of the fami- 
ly lists 123 Indian species, which 
probably include the majority of the 
larger forms. The family is being 
listed by R. Shelford in Genera In- 
sectorum; it is divided into eleven 

| tribes by Brunner, but it is unneces- 

sary to consider these in this place. 

Fig. 10—Puvitopromra numpgr. —Ylodromia (Blatta) germanica, Linn. 

TIANA. x 28. is one of the common small species 
found in houses in India and now cosmopolitan, probably introduced 
to India from Europe. P. hwmbertiana, Sauss. (cognata) (fig. 10) is a 
small brown species, the prothorax marked with black and light brown. 
It is perhaps the most common field species, found among decaying 
vegetation and also on trees ; its eggs are laid on the leaves and bark of 
trees. On the soil is its wingless nymph, a small black insect with me- 
dian and lateral light stripes. Phyllodromia suppellectilium, Serv., is 
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the small household species, common throughout the tropics 
winged, of a brown colour with varied dark markings. 

Stylopyga (Blatta) orientalis, Linn. is a widespread species, believed 

to have been introduced to Europe from tropical Asia and now carried 

ee eae over the world in ships. Itisa dark 

7 aca 1 coloured insect of a length of a little 

over an inch; the tegmina do not 

reach to the apex of the abdomen 

and cover only the basal five 

segments. The males alone are 

winged. The development in Europe 

is stated to occupy as much as 


\ ...j four years, the duration of each 
a instar being very long. Stylopyga 
Saree rhombifolia, Stoll. (fig. 9) is a larger 
Fig. 11—PERIPLANETA AUSTRALASIA. wingless form, brown, heey 
yellow markings, found also in houses. This is the most common 
household species next to the large winged Periplaneta australasia, F. 
Periplaneta includes the two large cockroaches so common in houses 
and on board ships. Both are winged, red brown with lighter markings 
on the prothorax. P. australasiw, Fabr. (fig. 11) 1s smaller than P- 
americana, Linn. the prothorax more wholly dark. The latter has the 
startling habit of flying about in the house before rain falls and is 
accounted a reliable weather prophet. This habit is possibly a relic 
of the instinct of its original free-living ancestor, which flew up into 
safety before the fall of heavy rain. Rhyparobia madere, Fabr. is a 
cosmopolitan species, carried over the world by commerce. Leucophea 
surinamensis, Linn. is a smaller thickset insect, the prothoras black, 
the tegmina brown ; it is common in the open ane 1s widespread over 
the tropics. Panesthia regalis, Wilk. is a peculiarly striking species, 
black with a broad band of orange across the tegmina. It 1s ane of 
the rarer plains’ species. Corydia petiveriana, Linn. is a beautiful 
cockroach of South India, the tegmina having large white spots. Hete- 
rogamia (Polyphaga) indica, Wik. resembles a large round woodlouse, 
wingless and nearly circular in outline. , eee 
Collecting —Cockroaches are found by searching under hae 
among fallen leaves, on herbage and bushes, on the bark of trees, an 


eiiiais 
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among the debris that accumulates at the foot of the trunk of a large 
tree. The smaller ones are found also in thick (doab) grass in the hot 
weather. Syrup or fruit juice smeared on the bark of trees is a good 
bait but unless this is alcoholised, it must be examined soon after dark ; 
if strongly alcoholised the insects get drunk and may be found at any 
time in the night till dawn. A few species are attracted by light. When 
caught and killed, they should be pinned through the right tegmen near 
the base, the legs and antenne set. Rearing is slow and difficult ; the 
right conditions of moisture and food must be given with plenty of 
shelter and space, 


COSMOPOLITAN INSECTS. 


A CONSIDERABLE number of insects have been carried by man from 
one country to another and have succeeded in establishing themselves 
not in one country only but in a large number of countries ; the spread 
of these insects is continuing and they will in time be world wide. 
These species are to a large extent those which can live in houses, or 
which infest grain and other merchandise, or which have been carried 
on living animals and plants. Naturally the household and grain 
insects predominate, since commerce is carried on between large cities 
in which these insects thrive, whereas those infesting plants have not the 
same chance of surviving in all cases. Many of our common house- 
hold insects are cosmopolitan; the common silver fish of houses is 
now widespread and will become more so ; the Cockroaches, Stylopyga 
orientalis, Pervplaneta americana and P. australasie, Rhyparobia 
madere and Leucophea surinamensis, are common in India as else- 
where ; with them have gone their parasite Huania appendigaster, now 
a common insect and met with on board ship. It is probable that our 
household Psocids are also the same as the Kuropean though we are 
not aware that this has yet been substantiated. Ants, (e.g., Monomo- 


rium) as 1s well known, constantly come with shipments of goods and 
establish themselves successfully in new cities. 


A host of beetles are cosmopolites. Hamilton gives a list of 100 
beetles which he styles cosmopolite or nearly so; this refers more 
especially to Europe and North America and indicates how large a 
number of insects have been carried by commerce and have succeeded 


in establishing themselves in new countries. Only a small number 
of these appear to originate in the East. | 


The following are Cosmopolitan beetles apparently found in India 
some possibly originating there (indicated by*). ‘ 
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Silvanus surinamensis. * Sitodrepa panicea. 
Lemophleus ferrugineus. Dinoderus pusillus. 

- pusillus. Bruchus chinensis. 
Dermestes vulpinus. 5 emarginatus. 
Carpophilus hemipterus. * Tenebrio molitor Linn. 
Trogosita mauritanica. *  Tribolium ferrugineum. 
Necrobia rufipes. - ¥ confusum. 
Necrobia ruficollis. * Calandra oryze. 
Necrobia violacea. " 5 granaria. 
Gibbium scotias. Arecerus fasciculatus. 


_ Among Lepidoptera some of the genus Ephestia are constantly car- 
ried and are now almost universal; so also are such forms as Tinea 
pellionella, Setomorpha rutella, and other clothes moths. Of the flies, 
we know of few ; Hristalis tenax is widespread and the common house- 
flies such as Musca domestica are world wide, as are some of the fleas : 
the cheese maggot, Piophila casei is also carried in its food and 
establishes itself successfully. 


Finally the malodorous bug Cimez lectularius is sufficiently familiar. 
The above are all household or grain pests and would naturally be 
readily spread. Amongst animal pests it is sufficient to mention the fly 
Stomoxys calcitrans established throughout India, as well as the three 
bot flies of the horse, cow and sheep, (ticks also are carried). When 
we turn to plant parasites, there are fewer true cosmopolites since the 
vegetation varies so much, and since climatic conditions affect the 
insects more. (See Agric. Journ., India, III, No. 3. ‘‘ Introduced 
Insect Pests.”?) Many scale insects are extremely widespread and nume- 
rous species are known to have been carried, some reaching India. In 
fact, the introduction of living plants is practically certain to mean the 
introduction of scale insects if precautions are not taken. We can 
enumerate 25 species probably introduced to or from India, and 
we have seen more than one onconsignment of plants from abroad. 
How our Aphids reached India is not clear but our worst are all cosmo- 
polites and have probably come on plants. Of other insects, it is ex- 
tremely hard to speak; a few are cosmopolitan, such as Chloridea 
obsoleta, Danais pleaippus, Vanessa cardui, Hellula undalis, Nomophila 
noctuella, Plutella maculipennis, but there 1s no evidence that they are 
spread by man and _ this cosmopolitanism possibly antedates man. 
Phthorimea operculella is a widespread insect introduced to ner 
probably in recent years and is the sole instance of its class we know of. 


We have barely touched the fringe of this subject as alone is possible 


in this place. Enough has been said to show that insects are carried by 


is cause, as for instance, 
h India has not suffered from this cause, 
iaiecend s known it may be 


America and the West Indies have, yet when more 1s 
found that India has got nearly as much as she has given, 
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Mantipa.—Preying Mantises. 
The forelegs raptorial, long, the femora and tibia spiny. 
The head deflexed. The prothorax elongate. 


A moderately large family, recognizable by the raptorial forelegs, 
in which the tibia works in opposition to the femur like the blades of a 


Fig. 12—HIERODULA COARCTATA. 
And left cercus. 


scissors, and both are wholly or partially spined. Where this character is 
insufficient to separate from Phasmide, the length of the prothorax is 
sufficient, this being shert in the latter tamily. Mantises are commonly 
of large size and include no insects of less length than half an inch while 
some attain to four and even six inches. In appearance, these insects 
are extremely striking, including some of the most picturesque and 
bizarre forms of insect life. The form and colour is cryptic, designed to 
produce a resemblance to natural objects in their surroundings which is 
extremely marked. Many are stick-like, elongate, coloured in tones of 
brown and black as is a dry twig; in these, the attitude assists the 
deception, the creature poising itself on its posterior legs and swaying 
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lightly from side to side as if moved by the breeze. Others that live j 
grassare slender and grass coloured, either “‘dry grass colour,’’ Bae 
green with the antenne and cerci coloured like the dry tips of ee as 
grass. Others are leaf green, living among the leaves Riecien ge 
the EOIOUE of bark and are found on tree trunks. The aoe ae 
eo bee Orchid mantis, Gongylus gongyloides, which is a floral re 

ae y and wings so formed as to suggest a flower when a par- 
ticular attitude is assumed. In this attitude, the lower surface suggests 
a blue flower, and insects coming to it are destroyed by the forelegs 

Wilhams (Trans. Ent. Soc. Lond., 1904, p. 125) states that the ae 
Suriace: can be so arranged as to simulate an orchid flower, this being 
peau as a means of defence (cryptic), the blue flower resemblance 
alone being used to obtain food. In general the cryptic form and 
colour serves the double object of protecting the insect from foes and 
allowing it to be invisible to other insects which it captures when they 
come within reach. 

The antenne are filiform, in some short and inconspicuous, in 
others long. The head is elongate, sometimes produced at the apex, the 
compound eyes are large, the head very mobile and the insect has a 
curious habit of turning the head to look intelligently even at a 
human being as if it really saw it. The mouthparts are similar to 
those of the rest of the order, short biting mouthparts, the mandibles 
not elongate as in other predaceous insects, since the prey is captured 
by the forelegs and the jaws are solely for mastication. The prothorax 
is long, sometimes nearly half the length of the body, and this is ap- 
parently an adaptation to secure great mobility for the forelegs and 
head. The forewings are of moderate size, thickened, coloured and 
covering the large folded hindwings, which are hyaline and often 
coloured. Wingless species occur but rarely, one or both sexes being 
without either tegmina or wings. Wood-Mason describes stridulatory 
structures in certain Mantide, but there appears to be no direct evidence 
that sounds are actually produced (Trans. Ent. Soc. London, 1878, 
p. 263). The abdomen is often expanded in a leaf-like manner and 18 
carried in striking attitudes to aid the cryptic resemblance. The abdo- 
men terminates in a pair of short cerci. The forelegs are beautifully 
formed, the tibia closing on to the femur ; as both are set with spines, an 


insect caught in them is firmly held and can be brought up to the mouth 
7p 
HL 4 
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to be eaten. The tibia is sometimes as long as the femur, sometimes 
very short and only closing on the apex of the femur, this portion of the 
femur alone being spined, the remainder smooth. Wood-Mason des- 
cribes femoral brushes used to keep the eyes and ocelli clean and found, 
he says, in the nymphs just hatched and in all later stages (Proc. Asiat. 
Soc. Bengal, 1876, p. 123). The posterior legs are long and enable the 
insect to run actively, as well as to balance itself ready to turn or to dart 
forward. There are few more striking insects than a mantis in its 
natural habitat on a plant waiting for food ; balanced on the two pairs of 
legs, it looks from side to side, turning the head with quick motions and 
seeming to look intently from the large eyes ; the antenne are active, 
moving constantly, the forelegs drawn up under the head but ready to 
dart out ; the creature is so intent, the attitude so expectant and yet 
suggestive of cunning ; in an instant it stiffens, becomes rigid, every 
part still, the long forelegs extended; should its prey alight near, it 
moves stealthily, stalking it as a cat does a bird, gradually drawing near 


Fig. 13--MANTID EGG-Mass AND NEWLY EMERGED| NYMPH 
THE LATTER MUCH ENLARGED. 
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till its forelegs strike and the insect is held securely, drawn up to the 
mouth and devoured, 


The female deposits 
—_ her eggs in a charac- 
teristic large egg case, 
(fig. 13) fixed to a 
plant. The egg case 
is made of gummy 
matter secreted by the 
female, which comes 
out as a frothy mass, 
and sets hardin a short 
time; taking a firm 
position on the plant, 
with head down and 
the tip of the abdomen 
touching the plant, 


she extrudes a mass of 
frothy gum and with 

_ theend of the abdomen 
_. works it into theshape 
characteristic; as soon 
_ as the base is formed 
| and some amount of 
gum used, eggs are 
deposited in the midst 

of the gum. The 
emission of eggs and 
gum continues, the 
eggs in the middle, the 


j 
H 
} 


gum round, until the 

whole egg mass is built 
up, layer by layer, 
e when she finishes it 
off with gum and the 

whole hardens to a 


Fie. 14—DEIPHOBE OCELLATA. watertight object firm- 
g. 
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ly secured to the plant. The eggs are in regular rows inside the egg case 


and the whole mass will last through the winter on the plant. 


The young mantids emerge from the egg almost simultaneously and are 


small active insects often dark coloured and with a general resemblance 
to an ant (fig. 13). Shelford records the mimicry of the nymph of 
Hymenopus bicornus for the nymph of a Reduviid bug, Hulyes amoena 
(Proc. Zool. Soc. London, 1902, p. 230). They are active and lead an 
active life until they are full grown. In general their habits are not 
those of the parents, the young seeking small insects on plants or on the 
soil, and only adopting the peculiar habits of their parents as they pro- 
eress towards maturity. The form and attitude of the young 1s fre- 
quently very striking, though different to that of the adult, and there is 
a large field for investigation into. the habits and resemblances of these 
nymphs. All are predaceous at all times of their life; the food of the 
full grown insect is large living insects, which are caught when they come 
within reach of the waiting mantis. None are vegetarian, none are 
injurious, but the group comes into the class we may denominate as 
‘“General Predators,’’ feeding on such insects as come to them and not being 
specially adapted to special insects. The length of the life history is not 
known. Hibernation appears to take place chiefly in the egg stage ; 
egomasses are laid in early November in the plains, and hatch in early 
March. This is not the only time that eggs are laid, as they may be 
found during the rains. Wood-Mason found eggs laid by Mantis sp. 
to hatchin 18days(July 17th to August 4th), while those of Schizocephala 
bocornis took 30 days (July 17th to August 16th). Nymphs and adults 
of bark-infesting species have been found in winter under the bark of 
trees, and this appears to be the normal hibernation of such as can find 
shelter. Throughout the remaining months these insects are active and 
there appear to be no special periods when they breed or multiply 
extensively. They are distributed throughout India, more abundantly 
in the jungle but still commonly in the cultivated plains. They are 
essentially tropical insects, and are rare or non-existent in temperate 
climates. The eggmasses are the habitat of parasitic Chalcide, the 
females of which have long ovipositors with which they pierce the 
eggmass and reach the eggs within. Apparently a large proportion 
of the eggmasses are parasitised. Other enemies are not known, 
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Mantide are far less numerous than some other groups of Orthoptera 
and fewer species occur. 


Wood-Mason catalogued the Mantide and more recently Mr. Kirby’s 
catalogue has been issued by the British Museum (Cat. of Orth., pt. I). 
In this 82 species are listed as Indian divided as follows — 


Amorphosceline 1, Hemiaphiline 7, Chaeradodine 1, Mantine 
43, Miopterygine 0, Creobotine 17, Vatine 10, Empusiine 3. 


The majority of Indian Mantide belong to genera widespread over 
the Indo-Malayan region. Five genera are purely Indian, accepting 
India in the broad sense, these being Sphendale, Phyllothelys, Heterochae- 
tula, Aethalochroa and Gongylus. Empusa is widespread, having but one 
Indian species, but occurring also in Africa, South Europe and Western 
Asia. 


Creoboter urbana, Fabr. is a common small green form, each tegmen 
with a yellow black-ringed eye-spot ; it is an active species found upon 
bushes. Hierodula Westwood, Sss. and H. coarctata, Westw. (fig. 12) 
are the robuster green insect seen upon bushes and in crops, which are 
the most familiar ‘‘Mantis’’ in India. The former has been seen eating 
Scutellera nobilis. Eremoplana microptera, W1k. is a long slender species 
of a dull brown colour with a narrow green costal stripe, found upon low 
bushes in the plains. It comes freely to light. Humbertiella indica, 
Sss. is a smaller dull grey species found upon the bark of trees, where 
its colouring renders it very inconspicuous. Schizocephalus bicornis, L. 
is one of the most delightful of the insects one can find commonly in the 
plains. It is a very long, attenuated insect, with long slender legs, and 
with short wings folding tightly round the body. Its colouring is green 
and the antennz and anal cerci are both the colour of a dry grass blade. 
Sitting among the grass, the insect is indistinguishable from the grass 
blades round it; its antenne or anal cerci give the idea of grass just dry- 
ing at the tip and one may search for these insects and not find one when 
they are abundant under one’s eyes at the time. They are slow in move- 
ment and the femur is armed only at the tip, the tibia very short. 


occur in India, of which we figure one. 


Two species of Gongylus india, . 
is a notorious insect of which much has 


G. gongyloides, Linn. (fig. 15) 


beer ritten. @. trachelophyllus, Burm. is the commoner Indian 
een W . 
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insect, a graceful creature coloured in tints of yellow and brown and 


commonly found in jungles and woods. 


Fig. 15—GONGYLUS GONGYLOIDES. 


Collecting—The great number of mantids are found upon bushes, 
in grass, on the bark of trees. They are most abundant upon bushes, 
rare upon small crops. A number will be found in the bag when it is 
used to sweep insects on grass. These insects should never be included 
with others in a box or bottle while alive, but should be confined sepa- 
rately or at once killed. They are best pinned through the right wing case 
or prothorax, the left wings being set. Rearing is exceedingly difficult 
in most cases, though the eggs hatch readily, as the special food of the 
young cannot be ascertained or easily procured. What is now specially 
required is careful observation of the food of. these insects >; we are not 
aware of any definite observations on the food of individual Indian 


species and no proper estimate of their economic value can be made 
until we have such facts. 


~~ 
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Puasmip =.—Stick and leaf insects. 


The prothorax small, mesothorax large. Tegmina small or absent ; 
wings often absent. Cerci of one joint only. 


WESTW , MALE 


Fig. 16—NECROSCIA PHOLIDOTUS, 
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A smaller group of insects, distinct from ae oe a ie 
prothorax and by the forelegs which are not forme i ee ai a 
ey ; they are distinct from the jumping Orthoptera ¥i Ss 
which are not formed for leaping. None of these insects i ae ; 
whilst some are of great length, four to six inches being ve ye Aids 
the full grown ones. They present a great variety of ee ae ‘ 
some being stick-like, others leaf-like or resembling a b ot 0 ae 
while others closely resemble other natural objects. The co our 8¢ ; 
bear out this cryptic form and their whole appearance is ee 0 
give them so close a resemblance to their habitat that they will escape 
the observation of their foes. 


The antenne are commonly many jointed and jong. The head is 
small, and not deflexed. The mesothorax is long, as is usually the oes 
thorax in the elongated species. The legs are long, formed for walking 
and without special structures. The tegmina are small or wholly ae 
even in forms which have large hindwings. In many species the wings 
are wholly absent either in both sexes, or in the female only. The le 
hasclaspers at the end of the abdomen, the female a ventral process which 


directs the eggs as they are 
extruded. The differences be- 
tween the sexes are often very 
great, the male small, active 
and winged ; the female large, 
clumsy and unwinged. 


The eggs are laid singly, 
dropped like seeds upon the 
ground. They are often of 
peculiar form, with very thick 
covering, and closely resembl- 
ing hard seeds. Little is known 
of the life history of Indian 
species. The young are similar 
to the adult and are stated to 
develop slowly. There is a line 


of weakness (suture) between 
Fig. 17—PHYLLIUM SCYTHE, NYMPH, the trochanter and femur, 
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which enables the insect to throw off a leg with ease, this leg being later 
formed anew. It has been observed that not only is this useful as a pro- 
tection from enemies but also in moulting, as few Phasmids can moult 
successfully without remaining attached to the cast skin by a leg, and 
this adaptation enables the moult to be completed, though with the loss 
of a limb. (Bordage.) The food is apparently wholly vegetable 
and no cases are recorded of these insects being carnivorous ; they eat 
the leaves of plants and some possibly feed upon lichens. None are 
injurious in India and their habitat is practically confined to the forest 
and jungle areas of the warmer parts of India. Not much is known of 


Fig. 18—PHYLLIUM SCYTHE, 
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Indian species and none are likely to be found in the cultivated areas. 
Westwood figures a number of Indian species (Cab. Or. Entom., 1847). 
Brunner listed 19 from Burma, and Bolivar 26 from South India. Kaur- 
by’s Catalogue enumerates 65 Indian species. 

Pulchriphyllium (Phyllium) scythe Gr. (figs. 17, 18) is a large leaf- 
likeinsect, whose life history is described by Murray and quoted in Sharp’s 
Insects. It occurs in forest areas in Assam. 


Acripip#.—Short-horned Grasshoppers. 


The antenne short ; the auditory organ on the first abdominal segment ; 
the ovipositor composed of short valves formed for digging ; tarsi 
three-jointed. Hind legs long, and saltatorval. 


Fig. 19—ACRIDIUM MELANOCORNE. 


A family which can scarcely ever be confused in the field; the short 
antenne and leaping hind legs mark a true grasshopper at once. The 
size varies from a length of a quarter and a wing span of nearly half an 
inch to a length of over two inches and a wing span of three to four. 
The majority are less than one inch long, the smallest among the Tetri- 
gine, the largest among the Acridiine. Size is usually sufficiently 
constant to be valuable as an indication of species. With few exceptions 
the colour is cryptic; the colour schemes harmonize so closely with the 
natural surroundings that the insects are difficult to see. Since the life 
is a long one and the surroundings vary with the change of season, it is 
common to find that, while the nymph is also cryptically Sloe the 
colour may not be the same as that of the imago. There may be ne or 
more actual colour schemes in the whole life, both cryptic and adapted 
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Fig. 4. Hopper after third moult (in fourth stage), magnified five 
times. F 

, 5. Hopper after fourth moult (in fifth stage), magnified three 
times. . 

-_,. 6. Hopper after fifth moult (in sixth stage), magnified twice. 
The wing lobes are turned up. 

,, 7, Hopper after sixth moult (in seventh stage), magnified twice. 


= 


(Reprinted from The Agricultural Journal of India.) 
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to changes of season. Young grasshoppers hatching in the rains are 
frequently green to harmonize with the growing vegetation; this often 
gives place to ‘‘dry grass colour’’ in the adult which is found in October. 
Others which live on dry soil, on rocks, on moors, on sand dunes are 
coloured in shades of grey and brown with lighter markings and spots; 
in nearly all the colours are dull, and though varied, evidently cryptic. 
In the true locusts further and more striking colour changes take place, 
one of whichis the “‘swarming colour,”’ a vivid red, that probably facili- 
tates migration by rendering the swarm visible at a distance and enabl- 
ingall tojoinit. A-veryfew are vividly coloured and undoubtedly exhibit 
warning colouring; thisis correlated with the habit of living exposed 
on the plant and the young are also warningly coloured, though not 
) always in the same 
tints as the adult. 
In a large number of 
cryptically coloured 
forms, we find that the 
| lower wings are bright- 
ly coloured ; in flight 
this colour is very con- 
spicuous and it is not 
difficult to follow the 
jerky zigzag flight with 
the eye; but as the 
wings close on the 
insect settling, all trace 
of the colour is lost, 
the tints of the upper 
wings and body blend 
with the surroundings, 
the insect sits still and 
vanishes before one’s 
eyes. There is no 
doubt that the bright 
colours of the lower 
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Fig. 
which sometimes extend to the gides 
in the escape of the grasshopper 


of the abdomen, are 

wings, 
r assist 

‘‘deceptive ’’ and materially ass 


Pint Llib TaE Roweey Locust. 


AcRIDIUM SUCCINCTUM, 


Vig 13.) The Bombay Tiocust as ordinarily found when it does not 
, 14.§ swarm and change colour. . 


(Reprinted from The Agricultural Journal of India.) 
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wings are short or reduced, the tegmina reduced to lobes or only 
partially developed. In the maj ority the wings are large, hyaline and 
many-veined, folding under the tegmina ; they are frequently coloured 
at the base with red, yellow or black. The tegmina and wings in flight 
function as one. The abdomen is long, the segments distinct ; it con- 
tracts and expands telescopically to a great extent in the female, in copu- 
lation being excessively retracted, in oviposition extremely elongated. 
The external genital organs are well marked: the principal features of 
the female are the upper and lower chitinous valves, which are used for 
digging, the anus being above, the genital aperture below. In the 
male, the genital aperture is on the upper surface of the usually conspi- 
cuous ventral shield, which often ends ina point. There is a small pair 
of cercion the apex of the abdomen at each side of the anus. Males and 
females are frequently of different sizes and also of different colours. 
The anterior legs are short, fitted for slow walking and clinging ; the hind 
legs are conspicuous by the great development of the femur and tibia; 
the tibia bends back on to the femur, the apex of the former reaching 
the base of the latter and from this attitude the tibia kicks back, giving 
the impetus of the leaping motion. The tibia is outwardly set with thick 
spines. The femur may be specially modified to produce vibration 
when rubbed against the tegmen. The inner face of the femur bears a 
row of knobs; the femur is rubbed up and down against a projecting 
vein of the tegmen, causing the latter to vibrate. Under the tegmen, on 
the side of the basal abdominal segment, may be seen the auditory 
organ, visible as a round depression in the integument, and containing 
the tightly stretched tympanal membrane. Spiracles are situated on 
the thorax and on the membrane connecting the notum and sternum of 
the first eight abdominal segments. The tracheal system is character- 
ised by having bladder-like dilatations of some of the vessels, which are 
inflated previous to flight and while increasing the bulk of the insect, 
diminish its specific gravity and facilitate flight. 


The life history of the known Indian grasshoppers is uniform Bell 
main outlines but only a small proportion have been worked out. Eggs 
are, so far as known, universally deposited in the soil in a ee 
cluster, with gummy matter which hardens and compacts the mass 
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: cowed ‘e not necessaril 
(fig. 22). The number varies with the species, and all are n y 


laid in one mass. About sixty eggs are laid by Hieroglyphus about 
100-120 by Acridium. The eggs remain 
in the soil for a considerable period, and 
loosen slightly owing to their expansion 
before hatching. The young hoppers 
have the general form of the adult, the 
antenne with fewer joints, the wings and 
internal genital system absent. The 
number of moults is generally from five 
to seven, the wings appearing as lobes at 
the third or fourth moult. The nymphs 
are active from the first; the colouring, 


Fig. 22—CHROTOGONUS TRACHY- : 
PTERUS, EGGS IN SOIL. xl. as stated above, may change during 


nymphal life or may change slowly until with the penultimate moult 
the colour approximates to that of the imago. The duration of the 
nymphal stage varies with individual species but is usually long. 


It is at present impossible to generalise as to the duration of each 
stage of the life of these insects. Apparently most.have definite seasons 
for reproduction, governed by climatic conditions and which are rigor- 
ously adhered to. Thus some have but one brood in a year, the three 
stages occupying the whole twelve months; the Bombay Locust lays 
eggs in June, which hatch in July (after six weeks), the nymphal devel- 
opment is completed in late September and the imago lives until the 
following June: the Rice Grasshopper on the other hand remains in the 
egg stage from October to June and the nymphal and imaginal life occu- 
py about four and a half months. There are probably many grasshop- 
Pee having only one brood yearly. Others have two, as does the 
Migratory Locust, the imaginal life being longest, but the two broods of 
a equal length. Others appear to have two broods during the rains, 
a ce a ES oe pea in eee remain dormant until 
A number probably will be found to F ie ae nee ae aoe 
broods from June to November, or f ere ‘ a ae pi ee 
one hibernation brood which | 7 eee canes ee 

passes the cold weather, and generally the 


ot dry weather in the 
hot dry weather in the egg stage. A number have several broods a year 
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Fig, 15, * Migratory Locust Hopper, in first stage, magnified pss times. 
16. Migratory Locust poPey; in second. eae, magnified four 
times; 4 . oh 
17. Migratory Lourie Hopper in third cee magnified three 
times, des e 
18. Migratory Locust Hopper, in fourth stage, magnified 24. 
times. + 


(Reprinted from The Agricultural Journal of Sndtyee 
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but apparently have no regular seasons. They breed throughout the 
year except in the very cold weather and probably not when food is 
scarce. The Black Spotted Grasshopper (Cyrtacanthacris ranacea stoll) 
is an example, as are the species of Chrotogonus and Atractomorpha 
crenulata. Hibernation and «stivation appear to be passed almost 
wholly in the egg in the plains, only a small proportion as imagines ; 
this varies however with different degrees of coldand dryness in different 
localities. A few hibernate as imagines or nymphs in the colder parts of 
the plains. Apparently there is a great variety in this respect and a far 
larger number of species require to be worked out before one can gene- 
ralise on this point. So far as known no Acridiid is anything but herbi- 
vorous, feeding on green plants; some have a single food plant, others 
several and many appear to be to some extent omnivorous. Grasses and 
gramineous crops are the principal food plants but flowering plants, 
shrubs and bushes are not exempt. Locusts have a very wide range of 
food plants. - 


Nymphs and adults live free lives, and are found wherever there is 
vegetation. The greater number are to be found in grasslands, in open 
waste lands, among low herbage. Others live among shrubs, a few 
on trees. Open moors, a dunes, fallow land also contain other 
species and they range from the plains to considerable altitudes in the 
hills, with their maximum develépment in the grasslands of the plains. 
This is one of the few families in which the number of purely ‘‘ plains 
species *’ is as great as the number found in submontane forest and 


jungle areas. | 7 
This family, being wholly herbivorous and very abundant, is one 


of the most injurious to Agriculture. Besides the two locusts, there are 


grasshoppers which attack special crops and the many species, which 
when abundant, attack gramineous crops. Few of these are specific 


pests of particular crops, they occur spasmodically and irregularly’and, 
since grasshoppers are of universal occurrence, nothing is déne to check 
them until they are already abundantly destructive. A distinct class 
of pest are the Surface Grasshoppers, species belonging to the. genera 


Chrotogonus, Epacromia, Atractomorpha, which live on e soil and 
? 4 * > — 

attack young crops. Little is known of which species of grasshopper 

are destructive since the actually destructive species is not always the 


f 


. 
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one sent in as destructive and there is here a large field for research. 


The student may be cautioned against accepting the reports of injury 
by Acridiids in Indian Museum Notes; often an entirely harmless 
species 18 sent in, being the first one to come to hand. Not more than 
two locusts and six grasshoppers are actually and positively known to 
be injurious in India. 

Whilst there is some information available as to the enemies of the 
two locusts, little is known of the checks on the increase of the family 
asawhole. Theeggs of the locusts are attacked by Hymenopterous para- 
sites, the young by ground beetles (Carabide), the adults by parasitic 
insects and the young of a mite (T’rombidium grandissimum, Koch.). An 
Oligochet worm (Henleya Lefroyt, Bedd.) has been found destroying 
the eggs of one locust and probably attacks those of other Acridiids. 
Birds, monkeys and squirrels feed on locusts and the larger grasshoppers ; 
mynas, hoopooes and other birds eat hoppers and fossorial wasps store 
their nests with small hoppers. Certain fly and beetle grubs attack the 
eggs, but while these are probably insects of the families Bombylude and 
Cantharide, respectively, the species concerned are not known. 

The family is a very large one, the largest of the Orthoptera, but no 
complete list exists. It is universally distributed through the tropical 
and temperate zones, with a large number of species. Indian forms are 
largely Indo-Malayan, or have a wide distribution over Southern and 
Kastern Asia; a few are Huropean and African. In India, the species 
are, so far as known, widely spread and not local, though Burmah 
appears to have many species not found in India. No catalogue of 
Indian species has been compiled and the information is buried in the 
literature of the past century. (See page 48.) Bolivar records 100 
species from a small area of South India, Brunner records 157 from 
Burmah. There are probably 500 recorded Indian species and at least 
et now existing in India. Brunner divides the family into nine sub- 
ee rae vai : on the whole well marked. Indian species fall 

hese, the characters of which are as follows :— 


Petrigine. The pronotum produced backwards over the abdomen 
the tegmina lobelike, no pulvillus. | 

Pneumorine ( African). 

Mastacine. 


6 


PLATE V.—Mrierarory Locost. 
Acripium (ScHISTOCERCA) «PEREGRINUM. 


Fig. 19. Migratory Locust in swarming colouration. 
,, 20. The same in egg-laying colouration. 


(Reprinted from The Agricultural Journa’ of India.) 


THE NORTH-WEST LOCUST. 


ry 
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Proscoptine (American). 


Tryxaline.—The face looking down, the vertex of the head pro- 
duced forward forming an angle. Prosternum unarmed. 


Oedipodine.—The face looking forward, vertex rounded. Pros- 
ternum unarmed. 


Pyrgomorphine.—Face looking downwards, prosternum with an 
elevated lamina. 


Pamphagine.—(Europe, Africa and E. Asia), 


Acridiine.—Face looking forwards, prosternum with a tooth-like 
process. 


The classification is best studied in the works of Brunner, de Saus- 
sure and Bolivar. The Tetrigine are recognizable at sight ; the Aeri- 
divine and Pyrgomorphine are clearly distinct, the Tryxaline and 
Oedipodine are not always easily distinguished as the characters are 
not universal in both sub-families. 


Tetrigine (Tettigides)—Small insects, of a dark-brown colour, 
found upon the soil and in grasslands. There are a considerable number 
of species which are not easy to distinguish. The sub-family as a whole 
are sharply marked off from the remainder of the family. Most are 
roughened and warty above, as are the Chrotogoni, and this with their 
colouring renders them difficult to see on the soil. Some are leaf-like 
and live among dead leaves ; all are bizarre in appearance and superfi- 
cially resemble Membracids. They are most abundant on damp soil and 
near water; some are aquatic and have the hind tarsi more or less 
expanded to serve for swimming; at least one species in India is 
aquatic, feeding on vegetation at or below the surface. 


Hancock lists a total of 434 species from all parts of the world, iil 
34 Indian species. Scelimena (fig. 21) is a semi-aquatic oF ee yee 
three Indian species, S. producta, Serv. ; S. harpago, Serv. and S. ‘unet- 
nata, Serv. Criotettrx has five Indian species; in this genus the inger- 
tion of the antenne is on a level with the lower Day of the eye, in the 
Acanthalobus has three species. Mazarredia 1s 


former below the eye. | : 
Paratettiz has two Indian, 


an Oriental genus with four species 1n India. | : 
, Coptotettix has four Burmah species, and Saussu- 


two Burmese species ; 


IiL 
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rella two, one alsoMrom India. The student should consult Hancock 
(Genera Insectorum) for the genera, Brunner and Bolivar for most of 


the species. 


Eumastacine.—The species of this sub-family are not found com- 
monly in the plains and are confined to the moister forest areas. Burr 
lists 23 Indian species (Genera Insectorum) including the aberrant 
Choroetypus fenestratus, Serv. 


Tryxaline.—The genus T'ryxalis (Acrida) includes a small number 
of very variably coloured insects, distinguished by their slender form, 
produced head and flattened antenne. One species (fig. 23) is common 


as ODDRRRY 


é 
<r SPITS 


Fig. 23—TRYXALIS TURRITA. 
(Fk. M. H.) 


throughout the plains, formerly known as Tryxalis turrita, L.; there is 


confusion in the present nomenclature and jt is also referred to as Acrida 
turrita, L. and as A, exaltata, Wik. This specie 
green to ‘‘dry grass’’ 
the males are smaller 
alis lugubris, 


s varies in colour from 
colour, some with bright markings, others without; 
(36-46 m.m.) than the females (52-64 m.m.). Tryz- 


oe Burr is a second large species separated by Mr. Burr in 
sion of the genus (Trans, Ent. Soc. London, 1902, p. 149). 7 


brevicollis, Bol. and T. variabilis, Klug. are also Indian. Acridella is 


represented by A. indi es Irom 
gee © ica, Bol. and Gel peci 
oe astorrhinus by two speci 
. rs ‘. « 7g , f 
Burmah and Sikkim, respectively, 


ey 


x Af ’ | . 
PLATE VI.—Tue Brack-Srorrep GRaAssHopPER. 
CYRTACANTHACRIS RANACEA (AcRiIDIUM AERUGINOSEM). 


(Reprinted from 7he Agricultural Journal of India.) 


THE BLACK SPOTTED GRASSHOPPER. 
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Epacromia.—A genus of small grasshoppers, common throughout 


India. £. dorsalis, Thunb. (fig. 24) is the most abundant species, found 
as a surface grasshopper destruc- 


tive to young crops. It has the 
unusual habit of coming to light. 
There appear to be two broods 
yearly during the rains and 
hibernation takes place in the 


egg stage. 


Oedipodine.—This is a large 
sub-family including a large 
number of species difficult to 
distinguish. Oedaleus (Gastro- 
margus) marmoratus, Thunb. is 
universal in the plains, marked by 
its brilliant orange and black lower 


wing. Sphingonotus, Trilophidia, Fig. 24—-EPaCROMIA DORSALIS. 
Acrotylus, Heteropternis, Chloeo- aaa 

bora and Duttopternis are also represented. Pachytylus (Locusta) cine- 
rascens, Fabr. (danicus, L.) is a large insect of a dull grey colour 
sometimes marked with brilliant green with a median keel on the prono- 
tum. It has a wide distribution over Southern Europe and Asia and 
though known to form swarms and migrate in Europe, has not been 
recorded as a locust in India, where it is a somewhat uncommon insect. 
It has been found in numbers in grasslands and there is some reason to 
believe that, becoming abundant in extensive tracts of grasslands in the 
less cultivated districts, it migrates in swarms over the country. Such 
swarms are apparently rare and they remain in uncultivated areas, but 
it will probably be definitely ascertained that the swarms of green locusts 


occasionally seen are of this species. 


Pyrgomorphine.—Aularches miliaris, ¥ abr. (Phymateus punctatus, 
F.) is the brightly coloured grasshopper found in the lower hill slopes ; 
it is black or dark green, with roughened tegmina and thorax, with 
yellow spots on the tegmina, the abdomen with red bands, the prothorax 


and head with a broad continuous yellow band. This insect when seized 


emits from pores in the thorax a liquid that froths up and diffuses an un- 
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pleasant odour. The habit is a very striking one and is apt to disconcert 
the unwary person who does not expect it. The warning coloura- 
tion of this insect is very striking and this emission of evil-smelling froth 
is probably a good protection. A chirping sound is produced in this 
species by a method unusual in the family; at the base of each tegmen 
and distinct from it is a small chitinous plate, the convex eumved 
edge of which meets the concave curved edge of the median 
chitinous plate at the base of the tegmina (the Scutellum) ; the former 
moves in an are so that the curved edge which is striated , rubs 
against the striate fixed edge of the Scutellum, producing a vibration 
which is probably intensified by the tegmina. The sound is distinct but 
not loud and is probably protective as it is produced by the female. 


This is the so-called ‘‘ Coffee Locust’’ since it occurs plentifully 
on coffee estates but it is practically harmless. It is recorded as 
destructive to coffee in Ceylon and E. E. Green has published a circular 
on it (Cire. Roy. Bot. Garden, Ceylon, 111, 18). There is, in Ceylon, 
one brood yearly, eggs being laid in October-November and hatching 
in March, the nymphs being full grown by September. Several species 
have been made of the varieties of this species. 


Poecilocera picta, Fabr. is the conspicuous Painted Grasshopper so 
common on the ak plant (Calotropis spp.). Itis brightly coloured in 
blue and yellow, living openly on its food plants and evidently protected 
by its bad taste from birds. There are at least two broods a year, the 
last (in November) laying eggs that pass through the winter. The nymph 
is coloured in yellow with black stipples and red spots, this colouring 
gradually giving place to that of the adult in the last two instars before 
the final moult. The distribution of this species is peculiar and follows 
that of its food plant which thrives in the drier portions of India from 
the north of the Punjab to the Southern extremity of Madras. Atracto- 
morpha crenulata, Fab. (fig. 25) is extremely common throughout the 

ng plants. The males are smaller than 


plains, and is a serious pest to you 
the females and often brown, while the female is commonly green. 
Tobacco is a favourite food plant of the insect in all stages and the 


round holes eaten in the leaves of this plant are frequently the work 
of this species, It is reported as injurious to cane in Java. 
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Chrotogonus (fig. 26) includes the common surface gra 
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sshoppers, 


flattened, the upper surface of a dark earth colour, roughencd, with spots 


Fig, 25—ATRACTOMORPHA CRENULATA. 


hypterus, Bl. appears to be the 
common plains’ species but it is 
either a variable species or several 
are confused. C. lugubris, Bl. is a 
smaller insect of similar appearance. 
(See Ann. Soc. Ent., France, V, 
607, where Blanchard describes 
Ommexecha trachypterus, lugubris, 
etc., from India.) 


Acridiine.—A large sub-family 
which includes the locusts and large 
grasshoppers. They are readily 
recognised by the tooth between 
the base of the forelegs. 


Catantops is a large genus of mo- 


derate sized insects found commonly 


of white or yellow, the 
lower surface white. These 
insects are found in fallow 
fields, on newly-sown land, 
in grass and low crops. The 
male is smaller than the 
female. The latter lays 
about 60 eggs in a mass in 
the soil and there appear 
to be no regular seasons 
for breeding. They are 
among the most common of 
insects in the cultivated 
plains and are often serious- 
ly destructive. The number 
of species concerned is very 
uncertain. Chrotogonus trac- 


Fig, 26—CHROTOGONUS LUGUBRIS. 
(I, M. N.) 


86 ORTHOPTERA. 


in grass lands. C. indicus, Bol., C. humeralis, Thunb. and C. aaillaris, 
Thunb. are the species of general occurrence. Cyrtacanthacris ranacea, 
Stoll. (Acridium aeruginosum, Burm.) is the very common large grass- 
hopper found in the fields especially on cotton. There is no record of 
its migrating. It breeds apparently at all times, the eggs as usual in the 
eround, the nymphs being green, a pinkish line developing on the pos- 
terior edge of the pronotum as development proceeds. In the insectary 
eggs were laid in November, hatched in January, and, after six moults 
the nymphs became full grown in May, the total nymphal life being 113 
to 138 days. They were fed wholly on cotton. Males are smaller than 
females. The adult is distinctly more markedly black and white in 
colouring than any common Indian Acridium (Plate VI). Schistocerca 
(Acridium) peregrinum, Ol. is the North-West or Migratory Locust of 
greatest notoriety (Plate V). It occurs now over North India, Afghanis- 
tan, Arabia, Persia, Northern Africa and Cyprus; it has been found far 
out in the Atlantic Ocean and is believed to have actually originated in 
South America and spread thence to Africa; it is known to have spread 
so far West as England and constantly reaches the Assam valley and the 
most Kastern Hills of Northern India. It has been much discussed and 
written about, but we are not aware of any one really good account of 
its life history, depredations and movements. In India it is destructive 
only in the dry areas of the Punjab, since only in these does it breed ; the 
swarms of adults can be frightened away, but it is the hoppers (Plate IV) 
which are really destructive. The student should see the article on 
“* Locustsin India’’ inthe Agricultural Journal of India, Vol. II, p. 238, 
and consult the voluminous literature on the subject. Acridium suc- 
conctum, Linn. (Plates II and II) has been the subject of investigation 
recently and while we require to know more of its enemies, its move- 
pene and life history are well known (Mem. Agric. Dept. India, Ent. ° 
I, The Bombay Locust’’). The most interesting point is the very 
curious colour changes which are more complex than in the Migratory 


Locust. The following extract is interesting as it almost certainly 
refers to this species :— 


a : ae of Mr. Kirby informed him, that at Poona an immense 
cloud or locusts ravaged all the Mahratta territ Ww 
oO 
have come from Arabia. ty, and was thought to 


Chis, indeed, was a most astonishing swarm, 


stane opal 


: Fig. 1. 
ne ere ag 
Me: 
aes 
ae 

* 


ok single egg. ae 


Egg. MARS. ; ae | 
- divested of the outer cover Bes 


Nymph, last instar, | ‘- | 
Tago, male, 
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if Mr. Kirby’s friend was correctly informed. The column extended five 
hundred miles, and was so dense as thoroughly to hide the sun, and pre- 
vent any object from casting a shadow. This horde was not composed 
of the migratory locust, but of a red species, whichimparted a sanguine 
colour to the trees on which they settled.’’ (Cuvier’s Natural 
History, 1832, Vol. Il, p. 207.) Acridium is also represented in the 
plains by rarer forms, large robust insects found chiefly on trees and 
bushes. 


Demodocus (Heteracris) includes large grasshoppers distinct from 
Acridium in having the pronotum more flattened with two dorsal light 
stripes enclosing a central dark fascia. D. robustus and D. capensis, 
Thunb. are common species. 


Hieroglyphus banian, Fabr. (furcifer, Serv.), is known as the Rice 
Grasshopper and breeds freely in rice land and wet grassland (Plate 


Fig. 27—HI#®ROGLYPHUS FURUIFER, MICROPTEROUS FORM. 


VII). Thereis but one brood yearly, the eggs remaining in the soil from 
November to June. The tendency to abbreviation of the wings is very 


marked and in the same place can be found macropterous forms with 


intermediates to micropterous ones. There is a considerable amount of 


variation in size and a species (H. cotesi) was described which is prob- 
The common species can be found over a wide area of 


ably not valid. . 
Amongst the most delightful of Indian 


the moister parts of India. 
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; vollis. Gr. (fig. 28); 1t 1s dull green or 
insects is the large T'eratodus monticollis, Gr. (fig. 28); 8 


“dry grass” colour, with brighser colouring under the wings; the pro- 


Fig. 28-—-TERATODUS MONTICOLLIS. 


notum is produced up as a sharp hood over the body, giving it a most 
striking appearance; in flight (fig. 29) it is extremely beautiful, the bright 
colours showing out. While it is common in Western and Southern 
India, it does not appear to occur East of the Deccan and the dry parts 
of Central India. The young forms have the hood well developed and 
are extremely striking in appearance, the lateral compression being very 
marked. They look like green leaves. 


In thick vegetation and in green crops, one sees numbers of little 
active green grasshoppers, feeding on leaves and often very destructive; 
these are Oxya, the common species known as O. velox, Thunb. predomi- 
nating ; these are of small size, and have a dark streak along each side 


and on to the tegmen. They are found commonly in the rains and 
appear to emerge only at that time. 


Collecting, etc.—Grasshoppers are easily collected, either with a net 
by hand. Many forms are got by sweeping in vegetation and this 
1s perhaps the best method. Few come to lights (Epacromia, Chroto- 
gonus, etc.) or to any bait that can be put down. When killed in a cya- 
nide bottle they make good specimens : benzene, chloroform and BbhEs 


Huids are not good, the hind legs being often shed or broken. They are 
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easily stored in paper cylinders and travel well through the postin this 
way : if pinned, theleft wings should be spread, the pin through theright 
wing or thorax. Large specimensmay be stuffed, but this is not neces- 
sary if the specimen is properly dried. Rearing from the egg is some- 
times difficult unless done on a really large scale and even then the right. » 
conditions must be maintained, especially an adequate amount of 
moisture in the air. Adults mate in large cages and lay eggs freely if 
not disturbed and given suitable conditions. 


Fig. 29—TERATODUS MONTICOLLIS. 
(From Cuvier. ) 


DECEPTIVE COLOURING. 


The Aderidiide more than any other group of insects exhibit that 
combination of colours which is designated under the above term, a 
scheme of colouring designed to deceive birds and other predators which 
pursue these insects. The essential features are a cryptic scheme of 
colouring functional when the insect is at rest, with bright and consp1- 
cuous colouring revealed only when the insect is in flight and concealed 
by the forewings or by the attitude when the insect alights. If one goes 
into a grass field, intent on observing large grasshoppers, one will sud- 
denly see a brightly coloured insect jump up, fly a little distance and 
disappear. One sees it by the bright colours and one can, as a rule, 
easily follow its flight by them. These bright colours are in the lower 
wing and perhaps part of the abdomen ; they are visible only when the 
forewings are expanded in flight revealing the large expanse of lower 
wing and the abdomen. The insect in flight is easily visible owing to 
these bright colours and the Acridizds fly with a swift jerky motion, at 
the end of the flight suddenly wheeling down and settling motionless 
with closed wings. Theeye has followed the bright colours and loses the 
insect as these disappear with the closing of the wings at the completion 
of the flight. One’s eye is not seeking the cryptically coloured grass- 
hopper, which thus escapes attention, even if one could easily see the 
motionless insect coloured in shades approximating to its surroundings 
and marked with darker colours to suggest the light and shade in the 
vegetation. With the exception ot the warningly coloured grasshoppers 
and the vividly coloured locusts, deceptive colouration of this kind, de- 
pending upon bands of yellow, red or other vivid tints, is very common 
among Acridiuds. Exceptionally beautiful examples are found in Gas- 
coma (Oedaleus) and in the extremely striking Teratodus monticollis, 
oe Sane. a os roan being on the body under the wings rather 
Rata Je = pence 1s also found in the Leaf butterflies 
Pike ae orsfieldc) in which the upper surface of the 
wings eects bok oe blotch, visible in flight, whilst the form of the 
sal at the amet niin ete ue earn 
transition from the latter to the fe # es fight it is wien eco and the 
is extraordinarily deceptive. ene ee She eee eee 

Another gro rj 
body and eset: Bd lus Pass paces: is the Sphingide, the 
eryptio tints which hanaere: pecies being commonly coloured in dull 


1ze with bark, while the lower wings are 
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banded in bright colours which extend often to the sides of the basal 
abdominal segments. The same colouring is found, forinstance, in Noc- 
tuid Moths of the genera Ophideres, Ophiusa, Hyblaa and Catocala, as 
well as in the Mantide, a few of the Arctiine, and an exceptional Pyra- 
hd. Some Coreidae also exhibit it and it is probably commoner in cryp- 
tically coloured insects than is generally supposed. The commoner (7- 
cadas exhibit it in exceptional beauty, the cryptic colouring being very 
marked and the lower wing very vivid, the flight jerky and in zigzags. 
We are probably correct in concluding that in all these, the insect relies 
on its protective colouring first, but if disturbed, the deceptive colouring 
is brought into play in the sudden quick flight to another tree, when 
cryptic colouring is again predominant. This colouring gives us a glimpse 
into the inner life of insects which is, in its way, instructive. There are 
so many adaptations of this kind in insects that one can realize dimly 
that, always and at all times, they are indanger from birds, from lizards, 
from Asilid flies, from Dragon flies, from Locustids, from Mantids and so 
on. To enable them to escape they have various forms of colouring but 
the mere fact that they arein constant danger of being destroyed shows 
how far their mentality must differ from ours and how constant is the 
working of that balance of life that prevents the undue increase of any 
one species above its fellows. 


Locustip #.—Long-horned Grasshoppers. 
The antenne long, many-jointed. The auditory organ on the fore tibia. 
Tarsi four-jointed. The female with a conspicuous ovrpositor. 
This family is atonce distinguishable fromthe Acredids by the long 
antenne and the position of the auditory organ; it is less clearly dis- 


Fig. 30—MECOPODA ELONGATA. 
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These insects are usually of 


tinct from Gryllids in the wings and tarst. 
oth, a few exceeding two 


large size, none of less than half an inch in len oe 
inches. They are less robustly built than the Acriddids and include a 
Many are elongate, the body narrow, the 
general colour green variegated with darker tints, their form and colour 
blending with the grass or vegetation among which they live. Others 


are larger, the tegmina broader and leaf-like; (fig. 31) the colour is green 
—$——$ a | 


greater variety of forms. 


Fig. 31—HoLOCHLORA ALBIDA. 


and the veins of the tegmina suggest the veins on a green leaf. These 
live upon bushy plants and are well concealed. Others living upon bark 
are grey, the tegmina roughened, and so closely adapted are they to their 
habitat that they can scarcely be seen until they are in motion. 


The antenne are very long and fine, with many joints, functioning 
as delicate organs of touch. The mouthparts are of the herbivorous 
type, the mandibles short and powertul, the palpi well developed. The 
prothorax is large and distinct; the tegmina are thickened and coloured, 
usually sloping over the abdomen, with a small basal flat area. In the 
males, this flat area is modified to form a sound producing organ ; the 
right tegmen overlaps the left and has on its lower surface a sharp point; 
the left on its upper surface a file ; by the movement of the tegmina, 
vibration is produced, the sound being intensified by ‘the stiff tegmina. 
In some species this organ occurs in both sexes. The hind wings are large 
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and folded below the tegmina. A number of species are wingless or have 
wings reduced in size. The foreleg has a swelling on the tibia, in which 
is situated the auditory organ, closed externally by a tympanal mem- 
brane situated in a small depression. This organ is not present in all 
species. The hind leg is similar to that of the Acridiids, the femur 
dilated near the base, the tibia long and reaching to the base of the femur. 
The female is characterised by the Ovipositor, a conspicuous external 
structure, often of large size and shaped like a sword. The male has 
external clasping organs. The abdomen is soft and fleshy, not exten- 
sible. 


The life history of no Indian species appears to have been worked 
out, though the eggs and nymphs are common. Eggs are laid in the 
edges of leaves, in the stems of grasses, in the bark of trees and in the 
soil. As a rule these eggs are flattened ; the female makes a slit with 
the ovipositor and deposits her eggs in the slit. Nymphs are found in 
the habitat of the adults and pass through an unknown number of 
moults, the wings appearing gradually. 


Locustids are, as a rule, nocturnal in habit, remaining quietly in 
concealment during the day; this is not an invariable rule. While 
many are herbivorous, some are predaceous on insects, probably only in 
part and with the power of becoming herbivorous if food is scarce. The 
holes eaten in the blades of leaves of ornamental shrubs in the plains are 
probably the work wholly of Locustide and a large proportion appear 
to feed in this way. Diurnal species have been seen to capture butter- 
flies, but as most are nocturnal their food is not known. Many are con- 
spicuous songsters, the sounds produced varying from a deep harsh note 
to a sustained high shrill one. Some come to light, as do so many winged 
nocturnal insects. Locustide are most abundant in the rainy months 
and are practically never captured during the cold weather where this is 
well marked. Hibernation appears to take place in the egg stage but this 
is not certain and if it occurs, the eggs must presumably be laid in some 


situation more permanent than a grass stem or a leaf. 


In India none are recorded as pests except the aberrant burrowing 
Schizodactylus whose habits place it among Gryllids rather than Locus- 
j ] LLY UU y = 


Elsewhere are few which become sufficiently abundant to be des- 


tids. 
These insects are rarely found in numbers 


tructive to cultivated plants. 
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in India and appear to increase slowly. The Conocephali that live in 


orags are perhaps the most abundant. 


The most recent catalogue of the family is Kirby’s in Volume I] 
of ‘‘Synonymic Catalogue of the Orthoptera’’ (1907). Following Brun- 
ner he divides the family into 24 sub-families half of which are unknown 
in ‘India’? or known from single genera only, while four only contain the 
majority of our species. A total of 205 species is enumerated from India, 
Burmah and Ceylon, though the family is extremely little known in 
India and many species remain to be found. In this as in other Orthop- 
terous families, the number of tropical forms far exceeds the Himalayan 
and palearctic, though in this family more than others the vast major- 
ity are forest species and are found but rarely in the cultivated plains. 
The literature of Indian forms is given by Kirby ; the works of Brunner, 
Bolivar, Redtenbacher, Saussure are the most important. The distri- 
bution of species is as follows :—Stenopelmatine 5, Rhaphidophorine 3, 
Gryllacrine 40, Decticine 1, Scyine 1, Conocephaline 13, Agreciune 
10, Xiphidiine 8, Listrocebine 6, Eumegalodontine 1, Prophalangop- 
sine 1, Pseudophylline 45, Mecophodine 2, Phyllophorine 7, Phane- 
ropterine 57. ) 


Stenopelmatine. Oryctopus includes two species found in burrows 
in a river bank near Trichinopoly by the Professors of St. Joseph’s Col- 
lege. The male has rudiments of tegmina and wings, well developed 
eyes and tarsal claws; the female has quite small eye spots, the antenne 


are very small or absent, the tarsal claws rudimentary, the ovipositor 
absentand the insect is 


wholly apterous. Both 
sexes were found to- 
gether in the burrow. 
Two species are des- 
cribed, O.  Bolivari, 
Brunn. and O. prodi- 
giosus, Bol. (fig. 32), 
We figure the female 
from Bolivar (Ann, 
Soc. Ent. France, 1899, 


Fig, 32 


—ORYCTOPUS PRODIGIOSUS, FEMALE. x 2? 
i (After Bolivar 
184). i 
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Gryllacrine. Schizodactylus monstruosus, Don. (fig. 33) (the bher- 
wa of Behar) is an extraordinary insect, rather doubtfully placed in 


» 
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Fig. 33—SCHIZODACTYLUS MONSTRUOSUS. 
(KF. M. H.) 


this family. It is a large insect, robustly built, with long tegmina 
which roll up into a spiral; the sides of the tegmina turn down 
abruptly as in the Gryllide and the tarsi have curious flat expansions. 
The appearance of the insect is extremely striking and its large jaws 
make it appear ferocious. It is wholiy a burrowing insect, living in 
sandy soil and often near rivers, making deep burrows in which it 
lives. The.eggs are laid in the burrow, the female having no ovipositor 
and behaving much like a cricket. It is believed to be carnivorous, 
and is destructive to crops only when its borrows are so abundant 
that it cuts the roots of plants. Its distribution in India is a curious 
one including Tirhoot, parts of Assam, Bellary, parts of Sind and 


Multan. Apparently it is dependent upon peculiar conditions of soil 


and moisture. 
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} nae.—Conoce lis includes narrow grasshopper-like 
Conocephalinae.—Conocephalus includ p 


forms which live in grass. Their eggs are laid in the stems of grasses 


Fig. 34--CONOCEPHALUS INDICUS REDT. 


and the insects of all ages are found in waste lands and long grass. 
The males produce a sustained shrill note which is exceedingly difficult 
to locate and the shrill music heard in long grass is mainly produced 
by these species. C. indicus, Redt. and C. pallidus, Redt. are the 
common species. 


Mecopodinae.—Mecopoda elongata (fig. 30) is a very large form, of 
a dark brown colour, of the “‘ dead-leaf’’ tint, the tegmina often with 
markings such as are found on decaying leaves ; it is found sparsely 
over the plains, among trees and not in the open. 


Pseudophyllinae.-—Sathrophyllia includes the large flattened forms 
coloured like bark, which are found sitting motionless on the bark 
of trees by day and are active by night. ‘Their roughened upper 
surface, their colouring in dull shades of brown and grey, their 
flattened form and motionless attitude pressed against the bark renders 


them a very notable case of cryptic form and colouring and they are 
extremely difficult to see. 


Collecting.—Locustids are best collected by careful search among 
grass, on bushes, on the bark of trees, under the loose sheets of bark that 
are found on some trees and between the sheathing leaf-stalks of palms. 
Rearing is apparently possible only when the food habits of the young 
are first ascertained. When killed (in a cyanide or B. C. bottle), they 
should ne pinned through the right tegmen, the left tegmen and seat 
—_ Drying must be very thorough as the abdomen is very fleshy but 
if properly done, stuffing the abdomen with carbolised cotton or ee 


similar treat is requi 
ular treatment is not required, 
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GRYLLID &.—C rickets. 


Leaping insects, with usually long filiform antenne. The auditory organ 
is on the fore tibia. The wings are turned over at right angles from 
the dorsal to the lateral surface of the body. Tarsi three-jointed ; 
female with a long ovipositor. 


Gryllide@ are distinct from Locustide in the tarsi and the wings; 
they are, however, a group which contain many different types of insects 


which hardly fall into one 
family and which, with further 
knowledge, will probably be 
split up. All do not have long 
antenne ; some have no ovi- 
positor, and in others the 
wings are not deflexed. If 
we remember Schizodactylus 
which may be a Gryllid, and 
are familiar with Gryllotalpa 
and Tridactylus, it is easy to 
realise that Locustide and 
Grylliide are hard to separate 
and that peculiar environ- 
ment has produced such 


changes in some forms that 


they scarcely come within the 
Fig. 35--LI0GRYLLUS BIMACULATUS. definition of the family. The 


(I. M. N.} 
Grylide as a whole are a 


large family not of great importance economically and not interesting 


to the ordinary student of nature. The Indian species are probably 


- : s 1 (3 4 Jed ; (2 
very imperfectly known,--Brunner lists 45 species from Burmah of 


- 7 . 1d “pe BE ry typ ~ 
which he describes 20 as new to science ; Bolivar lists 35 from South 


India of which 14 were new. Kirby’s Catalogue lists 130 species 


from India, Burmah and Ceylon of which 80 occur in India. | There are 
probably many new species to be found and there is much interesting 

> . ry . ou wat Tal ivay 
work to be done in the biology of all of them. The works of Saussure, 


3runner van Wattenwyl and Bolivar include the most important 


literature of the family as a whole. 
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Allowing them to bea group which will eventually be split up and are 


now maintained for convenience rather than logic 
» general statements about the 


al fact we can discuss 


them individually and need make n¢ 


family as a whole. The family is by de Saussure divided into seven 
” re 4 P . . , r e - 
tribes, regarded by Kirby as six sub-families. The following key 


follows de Saussure’s arrangement and is given in Sharp’s Insects :— 
|. Antenne ten-jointed ; posterior tarsi aborted. Tribe 1. Tri- 
dactylides. 
V’. Antenne many jointed ; posterior tarsi normal. 
2. Tarsi compressed, the second joint minute. 
3. Anterior legs fossorial ; anterior tibie at the apex with two to 


four divisions. Pronotum elongate, ovate, rounded behind. Female 
without ovipositor. Tribe 2. Gryllotalpides. 


3°. Anterior legs formed for walking. Ovipositor of the female 
visible (either elongate or rudimentary). 


4. Posterior tibize biseriately serrate. Tribe 3. Myrmecophilides. 
4’. Posterior tibie biseriately spinose. Ovipositor straight. 


5, Antenne short, thickish, almostthread-like. Facial scutellum ex- 
serted between antenne. Posterior tibie dilated. Gen. Myrmecophila.* 


rtp 


5)’, Antenne elongate, setaceous. Facial scutellum transverse, 
visible below the antenne. Tibia slender. 


6. Posterior tibie armed with two strong spines, not serrate be- 
tween the spines. Tribe 4. Gryllides. 


de ‘ aq > : = = as 

6°. Posterior tibixe slender, armed with slender spines, and ser- 
rate between them. Tribe 5. Oeccanthides. 

:)? 


2°. Second joint of the tarsi depressed, heart-shaped. 
3. Posterior tibim not serrate, but biseriately spinose. 


4. Th 
e spines on each side three and mobile ; apical spurs on the 


inner 7 
rer side only two in number. Ovipositor Sate. curved. Tribe 6. 
Trigonidiides. 


4’. The ; 
: spines numerous, fixed. 


Ovipositor elongate, straight. 
Gen. Stenogryllus. | 


* The genus llerie “ons _ i aan = : . 
a ye ct Phila beinoe exec ~ : . 
S €xceptional in several respects, is treated separately. 
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3’, Posterior tibix gerrate and spinose on each side, the apical 
spurs, as usual, three on each side. Ovipositor straight or curved, 
Tribe 7. Eneopterides. 


We may here discuss the group under divisions including the T'ridac- 
tyline (small surface crickets), Gryllotalpine (mole crickets), Gryllin 
(house and field crickets, burrowing crickets), O¢ecanthine (plant 
crickets). 


Tridactyline are small insects, measuring about one-quarter of an 
inch in length ; the antenne are short with about ten joints, the wings 


Fig. 36--TRIDACTYLUS SP, w 8, 


in some are imperfectly developed, in some fully developed ; the abdo- 
men terminates in six processes like cerci, which are hairy and strongly 
suggest the hairy processes used by some aquatic larvee to support 
themselves on the surface film of water while they get air. The hind 
legs terminate in two straight processes, the tarsus not being formed, and 
the tibia also bears lateral processes, which apparently are spread out 
upon the wet soil on which the insect lives and act ae supports ; these 
lateral processes are also capable of being closed up. These nae insects 
live upondamp soil; they are common on the banks of tanks, in irrigated 
fields, in watered gardens ; they eae small eee by burrowing 
along the surface of the soil and live in these burrows. They form a eo 
large part of the tiny ‘*flies’’? which crowd in erates lamps sat 
places as Calcutta and are enormously abundant in p naling ts 
Tridactylus variegatus, Latr. in Europe is said to burrow in the 
Tridactylus thoracicus, Guer. from the Nilgiris, 7’. 


rivers. 
gand of river banks. | 1 the 

‘or. Scudd. from ‘‘India’’ and 7’. castetsi, Bol. from Trichinopoly are 
major, Scudd, tr 


our recorded species. 


pee » large insects, which are characterised readily 
Gryllotal pine include large insects, which « are 


o 


by the forelegs, which are profoundly modified to form powerful digging 
VV / 7 Pp?) v 
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instruments. ‘These insects grow to a length of over one inch, the head 
and prothorax very hard, the antenne short, the wings tightly wrapped 
Ag in other Gryllids, the hind 


as a slender process beyond 


round the soft abdomen (fig. 37). 
wings are extended backwards and appear 


Fig. 87—GRYLLOTALPA AFRICANA. X 2, 


the tegmina when at rest. There is a pair of cerci at the end of the 
abdomen. The forelegs are extremely powerful and by digging and press- 
ing, the hard head and prothorax is forced through the soil, the soft 
abdomen and weaker posterior legs following. The female is destitute of 
an ovipositor and lays her eggs (fig. 38) in the burrow, which extends to 
a considerable depth below the surface. These eggs have been found in 


Fig. 38 


GR é st by > . = 
YLLOTALPA AFRICANA ; EGGS, REDUCED TO 3, AND NYMPH. 


a cluster in the moist sand of the 


river bank, soft white oval eggs lying 
loosely in a round ¢] ; | 


amber at some depth in the sand, The young 


A e-~6090 
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nymphs thrive on a diet of fy grubs, worms and other small animal life. 
making small burrows in the loose sand. 


Like other parts of the earth’s surface, the soil for some twenty feet 
down contains abundant insect and other life, which forms the food of 
the mole cricket and in search of which it burrows through the soil. 
When its burrows are near the surface, damage is caused to the roots of 
plants and the insect is destructive to this extent. 


The winged imago flies at night and comes to light very readily. 
In the rains they are often flooded out and in dry weather descend 
deeper for soil moisture. There are many ingenious ways of destroying 
them, none sufficiently effective to appeal to any but an economic 
entomologist. Two species occur inIndia. Gryllotalpa africana, Pal. B., 
which is widespread over the plains and lower hills (also through the 
warmer parts of Asia and Europe), and G@. vulgaris, Latr., found in the 
Himalayas and common also in Europe, Egypt, Western Asia, etc. 
Throughout our area, africana alone appears to occur. 


The Myrmecophiline are small insects chiefly interesting because 
they are found in ant’s nests. A variety of Myrmecophila acervorum, 


Fiv, 30 —PreROPLISTUS PLATYCLETS. 


(After Bolinar.) 


102 ORTHOPTERA. 


_ 


Panz., was found by Wroughton, M. playioleprdis Wassm, by Assmuth, 
while Ornebius Guerini, Bol., and O. nigripalprs, Guer., and Pteroplistus 
platycleis, Bol., are recorded from South India and several from 
Burmah. (See below under Myrmecophilous Insects after Pausside.) 


> These insects are 


We come then to the Grylling, the ‘crickets.’ 
distinguished from Locustides by the characters given at the head of the 
section. They vary insize from half an inch to over two inches in length ; 
the colours are dull, mainly cryptic, brown predominating with black 
and rarely yellow-brown. None are brilliant or conspicuous, and the 
colouring is that of other surface-living insects. The antenne are long 
and filiform ; head large, the prothorax distinct. The tegmina are 
deflexed, the inner area lying flat on the upper surface, the outer area ver- 
tically against the side of the body. The lower wings are produced back 
and when at rest, give the appearance of a projecting sting or process. 
At the apex of the abdomen are two cerci, and as the female has a long 
fine ovipositor, the hind end ofa female cricket bristles with formidable 
looking structures. Auditory organs are situate in the foreleg, as in the 
Locustide. 


Gryllidee produce loud and sustained sounds, often very shrill, by 
the rapid vibration of the wings, one (right) working over the other (left). 
the edge of the one acting on the file on the other. The males have the 


flat area of the tegmina modified to intensify the sound, though to a less 


extent than is the case in Locustide. The sound is peculiarly shrill and 


sustained, extremely difficult to locate in the field. Some of the smaller 
Species may be seen to be vibrating their wings but the sound produced 


1s not audible to everyone, the pitch being so high it is beyond the regis- 


ter 0 1 
f the normal human ear. Apterous forms also occur and species 


in which the wings are reduced in size. 
life history of Indian crickets. 
ance to t] 


Almost nothing is known of the 
The young are similar in general appear- 
le adults, but the number of moults is not known. 

There are practical] 
row deeply in the goj] 


openings at the surfa, 


y three distinct classes of crickets. Some bur- 
naking very extensive burrows which have several 
se. hers liv 

Others live on the surface, among fallen leaves 


and other debris ; al j O 
habitually lix a oe e short burrows into which to retire but do not 
ablitue 'é concealed in the h e e se e 
nem. Of these a few 
jee Bei : a few are household insects. 


assl y yr |i 7 
sing their life among bushy vegetation. 
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The burrewing species are vegetarian feeding upon roots and also 
coming up at night to cut off green vegetation. Little is known of the 
food of other species. The small bush crickets are to some extent pre- 
daceous on small insects and there is no reason to believe they are vege- 
tarian. The surface-living species are possibly also predaceous but one 
at least is found feeding upon living plants. Crickets are universally 
distributed in India and are perhaps as abundant in the drier plainareas 
as in the moist tracts of the delta and forest districts. 


The large brown cricket (Brachytrypes achatinus, Stoll.), is the most 
iamiliar burrowing species, found commonly in the Himalavas and the 


Fig. 40—BRACHYTRYPES ACHATINUS. EGG. x a NYMPH, FOURTH 
a) 
INSTAR. X 14. IMAGO. x 1p 


adjacent plains, in Assam and Burma. It has a wide distribution in 
Eastern Asia and may be widely distributed in suitable localities through - 
out the plains. It grows toa large size and 16 rarely seen on the surface 
gave when the heavy rains flood it out from its burrows. At dusk, the 
male comes to the surface, and pours forth its strident note, the sustain: 
ed shrill vibration being very piercing and, as one approaches, beating 
‘1 the ears with extraordinary intensity; even a Cicada hardly produces 


auch intensitv of sound. At night the cricket seeks its food, the leaves 
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and shoots of plants which it eats or draws into its burrow. The life 
history occupies one year, the winged adults being found from late April 
to September, only nymphs being found in the cold weather. It has been 
successfully reared in the Pusa insectary on a diet of green lucerne and 
other plants. This species 1s the prey of Sphea lobatus the metallic green 
digger wasp (see Sphegide). Liogryllus bimaculatus, deG. is black, with 
an orange spot at the base of each tegmen. It appears to occur through- 
out India, and is stated to be found throughout the Kast. It has been 
found in Khandesh to cut through the stems of potato plants at soil 


level. (Ind. Mus. Notes, Vol. III, p. 97.) 


Gryllodes melanocephalus, Serv. (fig. 41) is reported as injurious to 
crops and has been found in seme number in parts of the Punjab. It isa 


Fig. 41—GRYLLODES MELANOCEPHALUS. 
(I, M,N.) 


surlace-burrowing speci Sea . 
Species, living sos : 

| = g S} Iving in the fields and not making deep bur- 
rows. There ; 


AY aroe : : E é , 
an investi are a large number of species to be found in the plains and 
‘SOLS i . - 
estigation of the Indian species 1s much to be desired 
Kirby (Synony 


mic Catalogue of Orthoptera. V j 
Paranemobius 1. Ne , ee ep 


mobius 4, Brachytrypes : Gymnogryllus 3, Gryllus 12, 


Gryllodes 6, C ; 
O nh aah ny 5 Y < a 
mus | eaidre kone 2, Scapsipedus 2, Homaloblemmus 1, Loxoblem- 
i ) Tend {. as crenera p Z i. : ’ . 
S a represented j Be eles : 
Ceylon and Burmah, | n India, apart from Himalava, 
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The Oecanthine are represented by Oecanthus indicus Sauss., a deli- 
cate whitish insect with a tinge of pellucid green. It has the general 
characters of Gryllids but is 
easily recognisable. This in- 
sect is found upon plants, 
in rice fields andin dense moist 
vegetation. Its life history 
does not appear to have been 
worked out in India. It is, to 
some extent at least, preda- 
ceous and has been observed 
eating insects it has captured 
in the field. Other recorded 
Indian species are Arachnomi- 
mus picticeps, Wik., A. dubius, 


Bol., and Oecanthus rufescens, a 


Serv. a 


The Trigonidiune are but 
little known and only five BM \ 
species are recorded trom \ 
India _proper - these are Fig. 42—OECANTHUS INDICUS. x 3. 
Trigonidium cicindelordes, 
Ramb., 7. gigas, Bol., Cyrtoxipha (Eneoptera) fascipes, Wlk., C. con- 
color, Wlk., and C. alboatra, Wk. 

The Eneopterine include M adasumma (7 spp.) as well as Patiscus 
quadripunctatus, Bol., Corixogryllus abbreviatus, Bol., and Meloimorpha 
cincticornis, W1k. 

Collecting —A knowledge of their habitat is the surest guide to the 
methods of obtaining crickets of all kinds. Tridactylides are readily 
found in moist places, and also at light ; Gryllotalpa comes to light and 
may be dug out; the Gryllides can be dug out, found among fallen 
vegetation, or caught in the evening when they emerge ; some come to 
light and some are Aooded out in the rains. Oececanthides are found upon 
plants and are best looked for when sweeping pests In rice. 

The lesser forms are very little known, on account of their fragility, 


and the number of undescribed forms is probably very large; equally 
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little is known of their habits or life-histories and there 1s room here for 
a very extended investigation by an observer situated in the plains, 


where these little insects abound. 


ATTRACTION TO LIGHT. 


Among the many methods adopted by Entomologists to obtain 
insects innumber, the light trap is one of the simplest and most effica- 
cious. In India, the attraction of insects to light 1s so disagreeably and 
abundantly proved, that it is familiar to every one, though there is little 
exact information as to which insects come to light. The real difficulty 
is not to get the insects to come to light but to catch them in good condi- 
tion when they come. 


Generally speaking, a little is known as to the groups that are 
attracted by light and some careful collecting at light for a few years 
would soon furnish the data necessary to list the light-loving species. 


A curious point is the kind of light ; the intense white of an arc light 
brings insects in hordes as can be seen on Howrah bridge or on a river 
steamer ; the same is true of the acetylene light, a very white intense 
light ; the yellower oil light may attract fewer insects because of its less 
range but this is by no means certain. Whether coloured lights exert 
thesame influence, and which colours are best would appear to be a pro- 
mising line of research, especially in relation to injurious insects as one 
might then be able to discriminate the harmful and not destroy the harm- 
less. Actually no experiments on this point seen to have been made 
in this country and our data refer to white light entirely. 


A consideration of the insects that are known to come to light in 
any country, has not, so far as we are aware, led to any facts concerning 
the nature of the attraction light exerts : Crepuscular or Nocturnal 
insects are not attracted as a body, though naturally nearly all that 
a ae to 7 light are insects that are active after daylight. 
rth ving Insects are known to be attracted, but so far as we are 
Sa ee oe as made with a light elevated above the 
Toute oak eect si Rete ae walking insects. A considerable 
peee es a cre € grounc Insects, such as the Ground beetles. 
. -© Proportion 1s only what one would expect when one considers how 
large 1s this part of the fauna. The princ; 1 ili nd ab wine GRE 
in India are mentioned below but heaeee nee ae ue wee 

| this account 1s a very incomplete one. 

Blattids are rarely cayoht but 
to light traps. Of Acridiide. E 
ample, coming abundantly to Jj 


some species have found their way 
pacromia dorsalis is a very notable ex- 
ghts even into houses. A small number 
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of other Acridiide have the same habit. Conocephalus among Locus- 
tide, aswell as Schizodactylus and a few green species, are found at light. 
Of Gryllide, the burrowing mole crickets, Brachytrypes, Gryllus, Nemo- 
brus and other Grylline, are attracted; the little Tridactyline come 
in hordes to lamps and are extraordinarily abundant at some seasons 
even at a feeble railway station lamp. Hmbitds, winged termites and 
Myrmeleonids come readily ; Phryganeids are conspicuous by their pre- 
sence, as are Mphemerids, Mantispides, Ascalaphides and Chrysopides. 
Nearly all Hymenoptera are diurnal, but the flying ants are often caught 
In very largenumbers at light traps and some few Parasitica. Of Coleop- 
tera the nocturnal Scarabeids, principally Melolonthids and Dynastids 
withsome of the Coprids (Geotrupids) are attracted, as are the Carabide 
(especially Scaritides), Pausside, Cantharide, some Malacodermids and 
an occasional weevil (4 semus) 


Moths come freely, especially the Noctwids and Pyralids, with some 
Sphingids but not every species is attracted and the fact has to be 
ascertained for each species. Cydnine are the only Pentatomids known to 
me to be freely attracted to light and this is possibly due to their habits: 
the Ganges terry steamers are sometimes swarming with Stibaropus, and, 
as all know, the “‘Gundi’’ (Cydnus) is only too fond of coming to the lamp 
at dinner time. Nezara viridula, Linn., is exceptional as being attract- 
ed to hght, and there are others. Aquatic Rhynchota are not uncommon 
at light and the little Corixa hieroglyphica is occasionally very abundant. 
Cicadids are caught at light occasionally, the giant water bug (Belostoma) 
constantly. 

Of the Fulgoride, the small Delphacine come in swarms, as do the 
Jasside ; | am not aware of other Homoptera though there are very like- 
ly others, and | am not acquainted with any Diptera, except Chirono- 
mide and Psychodidae. The reader can see from the abo ve how 
diverse are the insects that are attracted and what a curious selection of 
the nocturnal insects it is ; whether there is a real physiological explana- 
tion, whether some are more curious than others, or whether some have 
more leisure to investigate strange phenomena, we must leave to others 
to decide. 

The use of lights and light traps has been a favourite method with 
agriculturists in dealing with certain classes of pests, but it is a method 
of very uncertain value and it is not a method generally useful ; it is 
essential to be certain that the pest to be captured does really come to 
light freely and this is a point usually neglected. 


NEUROPTERA. 


An assemblage of heterogeneous families, united in one order rather for con- 
venience than scientific accuracy. There are two pairs of wings, with 
many veins, both functional in flight and often of equal or nearly equal 
size. The mouthparts are mandibulate, usually of the predaceous type. 
The metamorphosis is incomplete in a part, complete in the remainder, 
the pupa usually active at the emergence of the imago. 


In a large number the nymphal or larval life is the only period of long duration 
and activity : in the remainder the imaginal is as long as the nymphal 
and of equal importance. The order includes predaceous and scaveng- 
ing, land and aquatic insects. None are parasitic, and none herbivorous. 


The order is here divided into ten families ; grouped in series :— 
No Metamorphosis. 
I.—Wingless and Semiparasitic. 
Mallophaga.—On warm-blooded animals. 


(Embiide.—-Two pairs of narrow equal wings, 
few veins. Prothorax small. 
Lermitide.—Two pairs of narrow equal wings, 
many veied. Prothorax large. 
Pseudoneuroptera. Social. 


[1—Land Insects. 


Psocide.——Forewing larger than hindwing, 
with few cross veins. Prothorax 
small. Gregarious. 


‘Perlidw.—Hindwings larger than forewings, 

folded. Cox small, wide apart. 

Antenne long. Cerciin some forms. 

{11.—Aquatic Insects. Tarsi 3-jointed. 

Neuropter ay 
europtera | Odonata.—Antenn short. Two pairs of sub- 


amphibiotica. equal wings, not folded over ab- 
domen. 
Ephemeride.—Antenne short. Two or three 


cercl. Hindwings small or absent. 
Wings held upwards. 
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A Metamorphosis. 


[ Stalide. Sialine.—Antenne long, wings 

| not reticulate. No cerci. 
Raphidiine.—Prothorax long. 

Panorpide.—Head rostrate. 

| Hemerobiide. Antenna long, wings equal, 

| much reticulate, no cerci. Tarsi 


5-jointed. 
TV.—Mandiblesin adult. | Myrmeleonine.—Antenne knobbed, 
Neuroptera short. 
Planipennia. corr Ascalaphine.—Antenne knobbed, 
| long. 


| Nemopterine.—Hindwings long and 

| very narrow. 

| Mantispine.—F orelegs as in 
Mantide. 

Hemerobuine.— Antenne monili- 
form. 

Chrysopine.—Antennae setiform. 

Comopterygine.—Wings powdery. 


—— 


adult. hindwing, which is longer than 
Neuroptera forewing. Coxe long, contigu- 


V.—No Mandibles in | Phryganeide.—Wings hairy, an anal area to 
T richoptera. | ous. Tarsi 5-jointed. 


The relationships of these families are obscure, and it is probably 
useless to attempt to derive them from any common stock. The prob- 
lem is complicated by the number of aquatic families, which we may take 
to have been derived from terrestrial air-breathing forms. Equally the 
semi-parasitic Mallophaga are probably derived from free-living forms. 
It is reasonable to accept present-day Termatide@ as a separate branch, 
derived possibly from forms which were connected with the Blattid 
ancestors : Embiide and Psocide are ofi-shoots from some primitive 
form of Neuropteron possibly related to Forficulide. Ephemeride and 
Odonata are derived from insects found far back in geological times, 
which had probably a common ancestral race, which was terrestrial : 
the Perlidae are related to the Ephemeride and probably are a recent 
branch. Sialidw and Panorpide may be branches from one stock, in 
which metamorphosis was developed, and from which came, far back, 
the Hemerobiide. Trichoptera also remain and in the absence of data, 
it may perhaps be placed as an offshoot of the ancestral race in which 


metamorphosis had been developed, emerging therefore from the 
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terrestrial ancestor of the Planipenma. Quite possibly this branch 
estor of the present Trichoptera to the Lepidoptera, 
and of Trichoptera being the same and thus 


leads on from an anc 
the ancestor of Micropteryx 
giving the point of contact. 


MattopHaca.—Bating Lice. 
Small wingless insects, nearly all parasitic on birds. They have biting 
mouthparts and the body is flattened, the head 
often large and broad. 


The Mallophaga or Bird-lice are sometimes confused with the Ped?- 
culide (Head-lice and body-lice). Although both are parasitic on warm- 
blooded animals and have somewhat the same appearance, they are 
quite distinct, the Pediculide being sucking insects, allied to Hemiptera, 
while the Mallophaga have well-developed biting mouthparts and never 
suck, living on the dry skin, scurf, and feathers of their hosts. Their 
relationship to other insects is doubtful, and Kellogg, who has mono- 
graphed the group (Genera Insectorum Fasc. 66) reckons them as a 
distinct Order. Mallophaga spend their whole life on the host, and soon 
die when removed or when the body of the host becomes cold in death. 
Observations on their life-histories are for this reason difficult, and little 
is known except that the metamorphosis is incomplete. Kellogg puts 
the known species at over a thousand, and a large number of these are 
restricted to one definite species of bird; others are found on several 
different birds, but usually these birds either are accustomed to associate 
one with another in flocks, or belong to closely related species, though 
ee related species may occur only in widely separated parts of the 
world. 


Kellogg explains this curious fact by reference to the sedentary 
mode of life of the insects, which prevents their spreading from bird to 
bird except by actual contact. He supposes that the species of Mallo- 
phaga have remained unchanged since the remote periods when many 
different species of birds, (now settled in different parts of the globe and 
ane from their near relations,) had not yet diverged as avalon 
rom their common ancestra mM ; a eke 
infested the ancestral aden Cane eee He Dane Saale 
i est the ancestral bird’s des- 


cendants: even tl in ti 
hough these descendants in time diverged into sever 


al 
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distinct species, the conditions of life remained 
so much like what they had always been that 
the bird-lice have to this day retained the 


same specific characters which they possessed 
in those far-off times. 


A few Mallophaga (about 50 known 
species) are found on Mammals, and they are 
distinguished from the bird-infesting species 
by having single-clawed feet; the species on 
birds have two claws. The mammalian hosts 
include most of the domestic animals, as well 
as others of very various kinds. Kelloge’s 
classification into families is as follows :—I 


Maya a 


; Fig. 43—CoLPOCcEPHALUM 
have included the names of the principal CUTAN ESE 


After Kellogg). 
genera in each family. (After Kellogg) 


Antenne visible, 3 or 5-segmented; no maxillary palpi; mandibles 
vertical; meso- and meta-thorax usually fused. Sub-order 
Ischnocera. 

Antenne 3-segmented ; tarsi with | claw; infesting mam- 
mals. Family Trichodectide. Genus Trichodectes 45 sp. 

Antenne 5-segmented ; tarsi with 2 claws: infesting birds. 
Family Philopteride. Chief genera Docophorus 215 sp. 
Nirmus 228 sp. Lapewrus 181 sp. 

Antenne concealed 4-segmented; with 4-joited maxillary palpi; 
mandibles horizontal; meso-meta-thoracic suture usually visible. 
Sub-order Amblycera. 

Tarsi with 1 claw; infesting mammals. Family Gyropida. 

Genus Gyropus 7 sp. 
Tarsi with 2 claws; practically all infesting birds. Family 
Liotheide. Chief genera Colpocephalum, Menopon 211 sp. 
Kellogg’s list does not record any species as coming from India. 
(Perhaps Trichodectes tigris, taken from a eect is irom this country. ) 
If, however, one takes the trouble to examine a few birds, ePpovay at 
the roots of the feathers about the neck and base of the wings, 1t will not 
be long before these insects are discovered, and evidently there Rasis 
he a large number of Indian species. Those named by Kellogg as having 
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i ) species which occur in India are 
ained from birds belonging to species W hic | 
been obtained [roi ging | aa 
sno to the nine genera Docophorus, Nurmus, 
fourteen in number, and belong to the g , : 
four ‘oniodes. Ornithobius, Lipeurus, Colpocepha- 
Goniocotes, Akidoproctus, Gonvodes, 
FI gan 
| enopon and T'rinotum. | 
Be ees - stave, and the adult of the louse of 
Fig. 44 shows the egg, a young stage, 


Pernis crv 1 indicates how 
one of the big Indian buzzards (Perms cristatus), and indicates 


Fig. 44—Ecc, NYMPH AND ADULT OF A BITING LOUSE ON AN INDIAN BUZZARD 
(PERNIS CRISTATUS). MAGNIFIED. 


slight is the difference between the young and the full-grown parasite. 
The eggs are found firmly attached to the feathers of the bird. Fowls 
or other domesticated birds, if infested with lice, can be rid of them by 
carefully brushing any non-irritant vegetable oil (not paraffin or crude 
oil) on the skin and about the roots of the feathers. The oil stops up 
tho breathing-spiracles and suffocates the insects. This treatment is 
also effective for clearing fowls or other animals of ticks. (F. M. H.) 


EmBirp@. 
Narrow delicate insects, the prothorax small, the wings, 
when present, with few veins. 
ese little insects have an extremely characteristic appearance 
due to the elongate body, the short legs, the small abdominal cerci, and 
(in the males) especially the harrow, usually dark coloured, wings. 


rm vas - y a a: < . 2 a . r 

They are black 01 dull-coloured, small and very delicate. The antenne 
are well developed, the mouthparts 
is small, the tarsi ¢] 


Th 


sare of the biting type ; the prothorax 


ome cercl. The insects are Suggestive of a primitive condition, 
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especially in the thorax, the wings attached to segments that are in ro 
way fused or adapted to the purposes of flight. 


Very little is known of such fragile insects. The males are common 
at lights and are often found in houses. In the field, they are found 
on the surface of the ground, usually under stones or in some damp 
Sheltered locality. They have been seen to prepare webs from threads 
which are produced by glands in the forefeet. This is a remarkable 
circumstance and very different from the methods of silk production 
general in the insect world. 


The nature of the food is unknown, but as the insects are rare and 
very few, they are not of economic importance, and while of interest 
to the naturalist, are not likely to be found except at a lamp indoors 
by any but a skilled observer in the field. 


One species (Oligotoma michaeli Macl.) has been found in London 
and is believed to have been imported with orchids from India. 
Another species (O. saundersi, Westw.) (fig. 45) is described from 
Bengal (Trans. Linn. Soc., XVII, 337). 
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Fig, 45—OLIGOTOMA SAUNDERSI, 


(A fler Westivood,) 
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J. Wood-Mason in 1883 (Proc. Zool. Soc., 1883, p. 328) described 
and figured Indian Embiides and recounts the capture of nymphs and 
females. The female he describes as wingless, shining black and more 
firmly chitinized than are the males. Males, as he remarks, are common 
at light, Oligotoma saundersi, Westw., being the common species. ‘The 
nymphs he found gregarious under Pe and he figures the asymme- 


tric male appendages. 


We have found colonies of these delicate little insects in the shelter 
of the long dry culm-sheaths of the Giant Bamboo (Bambusa arun- 
dinacea), as also under 
bricks on the soil and in 
decaying leaves. They live 
in tubes of fine white silken 
material, which ramify over 
the sheath ; we were unable 
to find any except where 
the sheath had been exten- 
sively bored by a minute 
Scolytid and in captivity 


they refused to make tubes 
or to remain alive except 
on such sheaths; whether 
they fed on the dust pro- 


duced by the Scolytid or 
on some other material could not be ascertained ; the quite small 


insects are white, and very active, running quickly along the 
tunnels and with 


Fig. 46—OLIGOTOMA SAUNDERSI, MALE (LEFT). 
OLIGOTOMA SP., FEMALE (RIGHT). x 4, 


equal facility backwards or forwards; on seeing 
them scurrying backwards along the tube one is led to think that 
the anal cerci serve as the antenne do when the insect is running 
The half-grown nymph has a reddish head, the body 
whitish and soft. The student should consult Hagen’s monograph 
of the group published in the Canadian Entomologist, Vol. XVIII 
(1885), wherein 17 species are discussed. Embia Brahmina, Sss., 
was described in 1896 from Bombay (Mt. Schweiz. Ent. Ges., IX, 


p. 3852), and FE. Latreille7. Ramb., in 1842 from Bombay, Aatntiuk and 
Madagascar (Neuroptéres . p. 312) 


forwards. 
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TERMITIDA.—T'ermites. 


Four large wings, in repose lying flat on the dorsum, three free 
thoracic segments. Anal cerci are present. Social, with 
marked polymorphism of asexual individuals. 


These little insects are familiar chiefly from their depredations and 
are practically never seen except in the winged form, unless looked for. 
They are clearly distinct from all other Neuroptera 
by their habits, and from social Hymenoptera 
by their structure. The antennex are short 
and straight. The segments of the thorax are 
distinct, the abdomen moderately large with a 
pair of cerci. The legs are formed for running, 
the mouthparts for biting. The colour of nearly 
all is the dull white of insects which live always 
in concealment, and the integument is corres- 
pondingly soft ; only in those winged individuals 
which emerge to the air is the skin hardened 
and the usual colour of such insects is a deep 


chestnut brown. 


Fig. 47—TERMES OBESUS, 
WINGED FORM. x 2. ae : ; 
The most striking feature of the termites is 


the great development of the social system. 
The nest is peopled and managed by the tiny workers, small insects, 
sexually immature, which are active and do ute: necessary WOTK: of 
the nest; there are also a number of similarly sexless indivi- 
duals, usually with larger heads and more prominent jaws, whose 
function apparently is the defence of the nest and the overseeing 
of the work of the nest carried on by the workers. As neither of these 
castes can usually reproduce, a limited number of sexual individuals 
are maintained, namely a wingless mature and fertilised qo a 
wingless mature male, reserve immature queens and males. These 
suffice for the peopling of the nest and the establishment of new nests 
is provided for by the production of large numbers of winged males and 


females at a special season of the year, 
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4 annarently rests with the workers, who 
The conduct of the nest apparently res ; 


s ly of each class of 
teed the whole community and who regulate the supply 


tithe. 
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Fig. 48—TERMOPSIS WROUGHTONI MALE AND SOLDIER; xX 8. 
(From Desneur.) 


individuals. The queen isa helpless individual, whose sole function is 
the production of eggs; she lives in the nest and is usually an immensely 
developed creature with great egg-producing capacities; to provide 
for fertilised eggs a male is kept. In reserve are immature males and 
females which can be brought on when desired. The perplexing problem 
is how so many individuals are produced from one kind of egg. We meet 
with the same problem in ants and bees, and undoubtedly there is signi- 
ficance in the fact that in both cases the food is ‘‘artificial,’’ itis food 
prepared by the workers and whose composition can be varied ; probably 
they administer different kinds of food to the larvee according as they 
eee a particular kind of individual. The food of the whole nest con- 
sik of vegetable fibre, chewed up by the workers and partially digested ; 
in One species it is stated to be regurgitated from the anterior part of the 


lim "y Ci Cie 
% entary canal or excreted from the posterior part and is apparently 
in both cases used for food 


= , which probably has very different degrees 
of nutritive value, | 
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It is a most striking thing to consider that the control of the whole 
system of development is in the hands of the lowest of all, the workers, 
and to the philosopher, the social system com- 
pares favourably with the pitch of development 
reached by the human race. New nests are pro- 
vided for very simply. At certain seasons, 
immense numbers of winged males and females 
emerge. They are clumsy insects, and fly badly. 
They rise in a cloud and are at once attacked by 
innumerable birds and enemies. Those that 
escape shed their wings at the suture and couple. 
They then get into shelter and start a new nest if 
possible ; the female lays eggs, the eggs hatch 
to workers and the new nest starts. In spite 
of the immense numbers produced, few such 
females escape to found nests. The emergence 
of these sexual winged individuals is constantly 
observed during the rainy months, and appears 
to occur aiter heavy rain when the air is still. 

A small opening is made in the surface of the 

Fig. 49—TERMES ; j ; é : 
OBESUS, QUEEN. soil and immense numbers of the winged insects 
pour out, crowding one after the other. As they 
emerge they attempt to fly and flutter upwards ina cloud, a phenome- 
non very quickly observed and one which attracts the attention of 
birds. Many cannot fly on emergence but run on the soil first and 


these are the prey of ants which at once carry them off living. The 
phenomenon strikes one as curiously interesting, the immense num- 
ber of individuals pouring out, their feeble upward flight into the air 
where they become the food of birds, the hasty death of those that do not 
at once fly, carried off living to the nests of ants and there devoured ; 
there is an immense waste of life, and the OR DEE a of these winged 
termites is the signal for so great a gathering of ants and birds that one 
imagines it to be a well-known thing for which they are on the look-out 
atthisseason. Very few have a chance of surviving and even those which 


shed their wings do not escape, being the more readily carried off by ants, 
D / . oO 


. structure, consisting of numberless 
The nest is a most remarkable structure, consisting 


hambers and galleries, the walls of a moderately hard substance which 
cna >I} So pia ee 
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t derived from the chewed fibre the workers bring 


is apparently a produc 
. ° e \ . . 
e feet in diameter. The situation 


in. These nests are often two and thre saben 7 
of the nest varies with the species; the nests of some Indian species are 
deep in the soil, of others near or at the surface or in banks. Apparently 
this varies with the nature of the soil, the same species building its nest 


at different depths in different localities. 


The student should consult Petch’s paper on the fungi of certain 
termite nests in Ceylon (Ann. Roy. Bot. Garden, Peradeniya ILI, p. 
185, 1906). Though dealing with species not occurring in our fauna, 
the account of the fungi is of special interest. The ‘‘small white, stalked 
or almost sessile spheres’’ observed by him on the spongy masses are 
probably similar to those observed in the nests of Termes obesus in India. 
The origin and nature of these spheres or their connection with other 
fungus forms connected with the nests is not clear. The author states 
that the spongy masses are wholly formed of the excrement of the work- 
ers; that this material is probably sterilised by its passage through the 
alimentary canal, and that not only are special fungi cultivated on it 
but that other fungi, not desired by the termites, grow which are 
weeded by the workers ; when a nest is abandoned these ‘weeds’ grow 
unchecked. He also states that it is probable but not proved that 
these white spheres form the food of the termites, and that it is not 
clear if a difference of food causes the differentiation of the forms 
seen in a termite’s nest. The hills are formed wholly of material 
removed from the nest in excavating and covered with saliva, which 
the workers take out of the nest and build up into masses ; there is 
no definite object in these chimneys which would probably blow away 


were the material not covered with saliva and of such a nature as to 
compact firmly. 


fb 5 es ‘ 
ermites are extremely destructive j 
; : extremely destructive in houses, owing to their fond- 
ness for wc nl 
me Or a y ees On obtaining entry to a house, they will 
destroy woo fi | 
: 1 oe eams and rafters, door frames, window frames and 
other wooden portions, wi 3 
8, without such a fact y 71 

at first. Having obta; sO on ee 

g tained access to wood at the soil or having 
taken a tunnel up to it. they : 
cane : *; they work wholly within and remove the 

dy hbre. No estimate is 

time S possible ang 
possible of the amount of damage thus 


caused in India. ; 5 ee : 
md the prevalence of termites varies immensely 
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pom place to place. It is on record that in 1814 Government House, 
Calcutta, was seriously attacked and there seems no reason why any 
pul dine in ON wood was used should not be destroyed in time, 
Termite communities are so immense and their industry so great that 
their combined efforts are very effective. In other parts of the 
world, eatable objects are said to disappear ina night ; the only paral- 
lel case of recent occurrence in India that can be quoted is a prison in 
Bengal, in which the bedding of the prisoners was destroyed in the night 
while the prisoners were sleeping on it. Their efforts are not confined 
to dead vegetables tissue, but they are particularly destructive to 
wheat, to sunflower, groundnut and sugarcane. These little insects 
excrete an acid liquid capable of attacking metal and it has been 
found that where their galleries cross metal, the metal corrodes. 


In reviewing the Termites in Genera Insectorum, Desneux regards 
them as distinct from all families of Neuroptera and as an offshoot of a 
simpler form of Blattide. According to this view, the family should 
follow the Blattide, but owing to their degree of specialisation he regards 
them as a separate order under the term /soptera. ‘This is poss bly a 


correct view, and it is undoubtedly misleading, if convenient, to group 


oO? 
Termites and the other miscellaneous familics in Neuroptera,; the time 
has as yet hardly come to separate Neuroptera into orders as homogen- 
ous and natural ag others, and we have preferred to keep them as a 
family, the order Neuroptera being regarded as a convenient group of 
miscellaneous insects whose position is not quite clear, just as the large 


S e . . . “F 
series Polymorpha includes many very diverse families of Coleoptera. 
There are nearly 400 species listed by Desneux, of which 15 are 
recorded from India exclusive of Ceylon. 
The following species are known from India :— 


Termopsis wroughtonr, Desn., is from Kashmir (Jo. Bo. Nat. Hist. 


Soc., 1904, p. 445, 1906, p. 293). The only known Himalayan termite 
) J+ e 5 -¢ ) - y 
(fig. 48). 


- - T % 66 dS ete? 
Termes (Leucotermes) indicola, Wasm., from ‘‘ India. 


Termes (Arrhinotermes) Heimi, Wasm., from ‘‘ India. 
Termes (Coptotermes) gestrov, Wasm., from Burma, and Malaysia. 


a yo. 
Termes brunneus, Hagen., from Bengal. 
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Termes fatalis, Kon., from Ceylon and India. 

Termes fee, Wasm., from Burmah. 

Termes Horni, Wasm., from India and Ceylon. 

Termes obesus, Ramb., from ‘‘India’’ (figs. 47 & 49). 

Termes taprobanes, W\k., from India and Ceylon. 

Termes ferruginosus, Latr., from Sindia. + 

Termes (Eutermes) Assmuthi, Wasm., from ‘* India.’ 

Termes (Eutermes) cyclops, Wasm., from ‘* India.”’ 

Termes (Kutermes) Heimi, Wasm., from ‘‘ India.”’ 

Termes (Eutermes) longicornis, Wasm., from “India and Ceylon.” 

Termes (Eutermes) quadriceps, Wasm., from ‘‘ India.”’ 
( 


Termes (Eutermes) xenotermitis, Wasm., from ‘‘ Burmah.”’ 


In a recent paper, Desneux has described a further number of In- 
dian species from Sind (Ann. Soc. Ent. Belg. XLIX, 1905, p. 343). 
These were found by T. R. Bell who adds notes of the habits. 
_ Hodotermes macrocephalus, Desn., is described as the common termite of 
Sind, building underground nests and cutting pieces of grass stems 
and Heliotropum which it stored in the nest. Termes mycophagus, 
Desn., is described as a fungus-growing species, filling chambers 
underground with masses of soft yellow globules, on which it is 


supposed fungi grow. Termes Belli, Desn., was found nesting in the 
same spot as the Hodotermes above. 


Termes Sindensis, Desn., was also 
found in Sind. 


The termite of the plains of India is Termes obesus Ramb., speci- 
mens having been obtained from widely scattered places in India. This 
species nests either deep in the ground, or near the surface, depending 
probably upon the nature of the soil, but this is not certain. Nests have 
been found and examined, as also have the small outlying fungus cham- 
bers that they make. In some parts of India the nests begin near the 
surface of the soil and stretch upwards in the form of conical mounds; 
in other places they are at the surface but not above it ; elsewhere they 
Boa ees ie This termite never shows above ground unless in a 

ok A ga au : the insects are seen only when they emerge in the 
veces — ies tunnels were found in Pusa 11 feet below the soil 
€ occupied by workers. Where they tunnel so deeply nests 


are never found: smal] fung 
> Small fungus chambers have been found but no nests; 


PLATE VIII.—Termes Osessus. 


Main and subsidiary,fungus chambers, shown from below and from the 
side. Reduced three times. 
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and though the insects appear for instance in every part of the Pusa es- 
tate (1,300 acres), no nest can be found; excavations made at the spot 
whence the winged forms emerged in a great swarm revealed nothing. 
Usually the queen is found in a cell deep in the nest, with fungus cham- 
bers round; her eggs are found in masses in cells in the fungus bodies, 
small soft white eggs from which the tiny white nymph hatches. 


The fungus bodies are found, flattened and concave below, rest- 
ing on the floors of the cells in the soil but not touching the walls or the 
roof; they are sponge-like, with ramifying cavities on the walls of 


which the fungus fruits grow in the shape of small round white knobs. 
(Plate VIII.) 


The forms this termite takes are shown in the figures. We believe 
this to be the termite responsible for all the damage done to crops, trees 
and buildings in India, and it is to be hoped that a really thorough in- 
vestigation may some day be made into its economy and habits. 

For a list of insects found in its nests see below under Myrme- 
cophilous Insects (after Pausside). 


Psocip£.—Bock Lice. 


Soft insects, of small size, with two pairs of wings, the hind pair 
smaller ; prothorax very small, except in the wingless 
forms. Tarsi of two or three joints. 


The Psocids are a small group of inconspicuous insects, easily recog- 
nised by their general appearance and most similar to the smaller forms 


Fig, 50—KOLBEA SOLAX. 
(After Ender/ein.) 


of Termites. The colouring is generally dull, the wings occasionally 


. rm ‘ Yr ~ 4 ¢ In 8 ,ac j 9, d= 
handed and the body bright. [he smaller forms are all less than on¢ 
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fifth of an inch long, the largest never exceeding one-third of an inch. 
The antenne are slender, moderately long ; there are simple and com- 
pound eyes. The mouthparts are peculiar, and are apparently very 
greatly modified biting mouthparts, small and inconspicuous. The 
wings and legs are well developed, the former with comparatively few 
veins. Males and females are similar in general appearance. 


The life history is very imperfectly known. Eggs, often covered 
with excrementitious matter, are laid under webs produced by the pa- 
rents from silk excreted from the mouth. The young are nymphs simi- 
lar to the adults in general features and found gregariously with them. 
One species seems to be common in the plains, its eggs being laid on the 
leaf under webbing. A far larger and brighter species is found in the 
moister parts of India on tree trunks; this appears to be Psocus lem- 
niscatus, Endl., found also in Java. The species live in the open on 
bark, under leaves, in damp places under shelter, on leaves; their food 
consists of animal or vegetable matter in the form of fungi, moulds, 
bark, etc. Others (Atropides) live in houses in damp close situations, a 
damp wall being a favourite place. The commonest species lives thus 
in houses, in damp paper, in damp corners, and this attacks and 
destroys dried insects. New insect 
store-boxes, if damp, breed them in 
great abundance, the little insects ap- 
parently finding food upon the damp 
paper: when insects specimens are put 
in, they feed within these and in time 
destroy them. 

The number of species of Psocids is 
apparently a large one, but as little 
attention is paid to them, few are 
described. Two sub-families are re- 
cognised, the winged Psocine with 
ocelli, the “Atropine which have rudi- 
mentary or no wings and no ocelli. 


Dr. Enderleins’ paper (Dje 0) 
- Ins’ paper (Die Copeog- Fig. 51—ATROPOS sP. 
nathen des Indo-australischen Gebiet) (Aster Smith.) 


enumerates ten species 
en species of the. former from the Indian region, chiefly 


collected by Biro. One Bur 
) /ne European species has been found in the 
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Himalayas, the remaining species are local. Scarcely anything can be 
said to be known of the family in India, their minute size and extreme 
delicacy being unfavourable to collection and preservation. 


The recorded species are :— 


Psocus longicornis.—F¥. 

Psocus nebulosus.—St. 

Psocus taprobanes.—Hag. var. bengalensis. Kolbe. 
Psocus cinereus.—Enderl. 

Copostigma indicum.—Enderl. 

Cecilius himalayanus—Enderl. 

Amphipsocus pilosus.—Macl. 

Ectopsocus denudatus.—Enderl. 

Myopsocus fraternus.—Hagen. 

Perientomum morosum.—Hagen. 

Lepium chrysochlorum End.—(Spol. Zeyl. 1906, p. 81). 


None are of the smallest economic importance though the insect 
eating one (Atropos sp.) is a great nuisance in the rains when specimens 
cannot be kept dry. The study of these insects, especially in the moister 
parts of India, would very greatly increase our knowledge of the group 
and yield valuable results from the biological, as from the systematic 


aspect. 


GREGARIOUSNESS. 


If we exclude the purely social insects, in which for the good of the 
community there is a well marked division of labour accompanied by 
polymorphism, we find that the great mass of insects are, a6 Be 4 We 
know, wholly solitary. Consider the commonest insects there are abou 7 
us. and watch their ways ; all live for themselves individually and appeal 
to take no notice of each other, except when impelled by the mee 
instinct. It is perhaps safe to say “‘ apparently because piaes ie 
know there may be modes of inter-communication not reves ry ) 
external movements, as there must be certainly in some species of aid 
There are, however, a small number of insects constantly ecuaanl as 
apart from °° Social ’’ and it is these forms we pre piee BOW: ie ‘see Mees 
The student will think of insects that migrate but these is rhea 
only when this migrating instinct overtakes them and at other times are 


wholly solitary. 
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Perhaps the commonest instance of truly gregarious insects are the 
free-living Psocide@ which live under a common web in little colonies on 
the leaves and bark of trees and other plants. Possibly the common 
link is the shelter that the web provides, possibly there 1s some faint 
approximation to the truly social condition. Another instance are the 
Embiide. One finds numbers of these delicate insects together using 
the same silken runs and living in a little colony together. It is doubt- 
ful if they ever live in any other way but why they should do so is not 
clear: the reason that suggests itself is that there are few spots suitable 
to them and that here they naturally gather and make common runs 
and shelters. A better and more striking instance is the Pyrrhocorid 
bug Iphita limbata ; great numbers of this bug cluster together on one 
spot on a tree trunk, and that they remain there Is shown by the heap 
of exuvize below the spot. Why they do so is not at all clear; their ally 
the Red Cotton Bug (Dysdercus cingulatus) appears to have the same 
habit, but this is clearly a case of food or of enhancing their warning 
eolour and they cluster on the seeds or pods to feed or sleep only. The 
Coreid Corizus rubicundus, Westd., lives till mature in clusters which look 
like vivid red flowers. Some moth caterpillars and a few Pierid cater- 
pillars are gregarious, hatching from eggs laid in clusters and remaining 
together for a longer or shorter time. Some remain in webbed leaves 
till they pupate ; others for a short time only and in these cases, which 
are fairly numerous, the web made as a shelter is often the reason. Thus 
Caradrina exigua larve remain together for a few days in the webbed 
leaves as do the larve of Diacrisia obliqua and many other Noctuids and 
Arctiids. An interesting gregarious insect is the common Machilis found 
on rocks and under leaves ; it is apparently always gregarious. Young 
Pentatomids are often gregarious for the first two or three instars, and the 
persistent way in which some remain together when newly hatched out 
shows that it is instinctive. Cockroaches are gregarious also and 
apparently often prefer being in company to being alone. Gyrinid@ are 
distinctly and markedly gregarious and apparently take delight in their 
combined evolutions on the surface of still water. Opatrum among 
at 18 gregarious in the sense that the beetles like to crowd 

ogether in groups and clusters instead of remaining solitary. Haltica 


cyanea, Web., is another beetle that lives and feeds in company, 
though such instances are very rare. 


PERLIDaA.—Stone flies. 


Delicate insects, with the hind wings large and folded beneath the 


Legs widely separated, with small coxe. 
Larva aquatic. 


forewings. 


m1. . nin rN | 
These typically Neuropterous insects 


are distinguished from other 
alhed groups by the above characte 


ts, by the long antenne, and the 
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three-jointed tarsi; as a rule there are two long anal cerci (except in 
Nemoura). They are inconspicuous insects of which apparently no- 
thing is yet knownin India. In general the Perlide are, in the immature 
stages, aquatic; the eggs, laid on the surface of the water, sink to the 
bottom and hatch to active nymphs; these are flattened, with an 
elongate body, the head with biting mouthparts ; air is obtained by 
means of tufts of gill filaments ; two long many-jointed cerci terminate 
the abdomen. Those known elsewhere are predaceous, and are found 
under stones or at the bed of rapidly flowing streams. The full erown 
nymph is said to crawl out of the water before the emergence of the 
imago. The family is often classed with the order Pseudoneuroptera 
or is treated as a separate order Plecoptera. When more attention is paid 
to Neuroptera in India, they may prove to be abundant in species; they 
are of no economic importance, direct or indirect. No species appear 
to be recorded from India. 


Oponata.—Dragon-flies. 


Two pairs of long narrow wings of equal size ; antenne very small 
and terminating in a bristle. Head large and mobile. 
Tarsi three-jointed. 


A large group of large insects, easily recognisable from nearly all other 
insects by their wings, (which are in repose held out horizontally and not 
resting over the body,) by the 
peculiar antenn, the large mobile 
head and the active habits of the 
flying insect. The imagines vary in 
length from an inch upwards with 
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a span across the wings up to four CLT _ 
inches. They are, asarule, bright- ne, 


ly coloured, black with blue, yellow, 
red. metallic green and other bright 
UU» 
colours predominating. The colour 
is possibly warning, probably simply 
beautiful, though it is difficult 
sneralize t insects so vari- 
to generalize sigs lags ; Fig. 52—HEMICORDULIA ASIATICA, 
ously coloured, (From Martin.) 
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The head is large and very mobile, with immense compound eyes. 
In some cases the facets on the upper surface are larger than on the HUN 
and this difference may be an adaptation to both long and short sight. 
The active habits of these insects necessitates very perfect sight and 
the compound eyes appear to be very highly developed. The antennae 
are small, with few segments, and are bristle-shaped. The mouthparts 
are of the sharp biting type. The thorax is large and the individual seg- 
ments consolidated into a single mass. The long wings are attached to 
the sides; the powerful muscles and well-built thorax give the insect 
very great powers of flight. The legs are placed very far forward on the 
thorax and this is apparently an adaptation to the predaceous habits 
of these insects. They catch their prey on the wing, hawking for fly- 
ing insects; the legs extend forwards below the head in the form of a 
basket; as the dragon-fly rushes through the air and pounces on an insect 
the legs grasp the prey and hold it below the head, the dragon-fly remain- 
ing in motion throughout. The captive is then devoured. Dragon-flies 
are found only on the wing or resting on twigs, leaves or grass stalks. 
The peculiar position of the legs facilitates this method of repose but 
does not enable the insect to walk. The abdomen is long and thin 
terminated in claspers or processes. The method of fertilization is some- 
what remarkable, the seminal fluid which issues from the tip of the ab- 
domen being transferred to a pouch on the second abdominal segment, 
which is provided with coupling organs; the male then grasps the female 
by the neck and she brings the tip of her abdomen to this pouch ; in 
some species this process takes place over the water and eggs are laid in 
the intervals of coupling. In others the female descends under water, 
carrying air with her between the wings and body and there deposits her 
eggs; others deposit the eggs while flying over the water, or while 


lying motionless on it with extended wings and a few are known to lay 
them in mud. 


The life history is, so far as known, 
the same throughout the family. Eggs 
are laid in water, a mass of eggs in a 
transparent mucilaginous envelope 
being deposited. The Jarvae are 


active, with three pairs of legs, short 


Fig, 53.—AESCHNID NYMPH. 
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antenne and biting mouthparts of a peculiar type. The lower 
side of the head is concealed by a development of the lower lip, in the 
form of a long jointed arm-like structure, which folds down over the 
mouth and which is armed at the tip with processes bearing strong 


spines. This jointed arm extends very rapidly to a considerable length 
seizes the prey and withdraws it to the mouth, where are the sharp max- 
illze and mandibles with which the prey is devoured. Like other aqua- 
tic larvae, these must obtain a supply of air and as they live below the 
surface, this air must be obtained from the water. This is effected in 
the Libellulinae and Aeschninae by taking water into the rectum, the 


Fig. 54.—ALIMENTARY CANAL AND TRACHEA OF AESCHNID NYMPH. 


posterior portion of the alimentary canal, which is modified to act as a 
gill and to extract air from the water; this part of the alimentary canal 
is penetrated by trachex, into which the air is absorbed and which dis- 
tribute it as in other insects. (Fig. 54) The nymphs can be seen to 
take in and eject water from the hind, end, 
the violent ejection of water also serving to 
propel the nymph forward and assist it 
to obtain its prey. In the Agrionimnae, 
the nymph is provided with three flat lamel- 
lar appendages at the apex of the abdomen, 
which function as gills. (Fig. 55). 

Like the adult, the nymph is predaceous, 
the teeming fauna of fresh water supplying 
it with an ample supply of food. When 
fullgrown, the nymphs climb up out of 


the water, the skin breaks along the 


dorsum, and the perfect insect emerges ; 


the wings are gradually developed out- Pig, 55,—AGRIONID LARVA. 
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side of the body in the nymphs, as in the Orthoptera, and the metamor- 
phosis is thus an incomplete one. 
Orthoptera, as there is one sudden change from nymph to adult, when the 
ng creature becomes suddenly winged 


It is more complete than in the 


insect from being a repulsive crawl 
and aerial; but it is incomplete in the sense that there is no resting 


pupal stage as in the Hymenoptera. 

It is impossible to discuss the extremely interesting variations, 
which are found in thenymphsof various species, in themanner of life and 
respiration ; the aquatic insect fauna of this continent appears to be a 
sealed book and nothing is known in detail. Nymphs have been found 
living in dried up pools, apparently not injured by the absence of water 
and obtaining air directly. It is doubtful to what extent this occurs, 
and whether there are any species that live so habitually. 

Odonata are found abundantly throughout the plains and in forest 
areas. The number of species is very large and an account of the family 
as it occurs in India is much wanted. The imagines have quite peculiar 
habits, and are very characteristic. They play a large part in the des- 
truction of smaller winged insects, especially flies, their appetite being 
apparently insatiable. It is often observed that each individual has 
its own beat and it is known that when they are abundant, each 
confines his operations to a particular spot, returning to rest on the 
same twig. 

The length of the life is not known but it is apparently long both in 
the nymph and the adult condition. A few dragon-flies are among the 
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HYOTHEMIS VARIEGATA, FEMALE. 
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gregarious insects and it is not uncommon to find large numbers flying 
together over pools in the jungle. The bright winged species of the 
moister areas of Bengal are frequently seen flying in groups, and one 
briliant yellow species (Rhyothemis variegata F.) is commonly seen 
in Calcutta. Migration has been known to occur elsewhere, though 


not recorded in India. 


The Odonata are by some authors treated as a single family, with 
two divisions and seven sub-families as is done here, or as a sub-order 


with three families, or with seven families. 


( Corduliine. 


1. LIBELLULIDA itt anes : 
ANISOPTERIDES | Libellulinee. 
Gom phine. 

2. AESCHNIDA Ee Cordulegasterine. 
Aeschnine. 


: Calopterygine 
VG TS (CALOPTERY CID aR =... § Oso Nias Farce 
ZY GOPTERIDES 3 er ening 


Anisopterides.—Hindwings broader at the base than the forewings. 
Wings held horizontally outwards from the body when at rest. 
(Figs. 57, 59.) 

Zygopterides.—Wings equal or hindwing small; wings held closed 
together vertically above the body when at rest. (Mig. 58.) 
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Fig. 57.—ACISOMA PANORPOIDES, 
(From Rambur.) 
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Over 130 species are listed or described 


aden D) 
graphs the older species (Neuroptera 1842). 


from India. Rambur mono- 


De Selys’ many papers 


Fig, 58.—AGRIONID AT REST. 


contain descriptions of a large number of species ; Kirby has described 
species from Murree and Campbellpur (Proc. Zool. Soc. 1886, p. 325), the 


ie, 


Fig. 59.—Arscunip AT REST, 


Kuropean Sympetrum fons- 
colomber de Sel. being 
found there; he has added 
descriptions of species from 
Ceylon and Upper Burma 
(Ann. Nat. Hist. VI, 14. and 
VII, 15); a large collection 
made by G. C. Nurse at 
Deesa and Quetta is des- 
cribed by Martin (Trans. 


- Ent. Soe., London, 1907, 


p. 303). The species up 
to 1890 are catalogued in 
Kirby’s — Catalogue of 
Odonata and there have 
been stray descriptions by 
other authors since then, 
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AQUATIC INSECTS. 


A considerable portion of the insect world live in or on the surface 
of still or running water, and are more or less specially adapted to the pe- 
culiarities of this mode of life. These insects are derived from terrestrial! 
inszcts and there is no hard and sharp line between terrestrial and 
aquatic insects. We have, for instance, the predaceous Reduviid bugs on 
the earth which live also on mud and in the neighbourhood of water. 
It is but a small transition to the Hydrometrid@, bugs which run on the 
surface of the water and which require very little modification, chiefly 
in the structure and motions of the legs.. The aquatic carnivorous beetles 
are very closely allied to the land carnivorous beetles, the modifications 
mainly consisting of those necessary to enable the beetle to swim, to obtain 
air below water and to catch different prey. The Hydrophilide include 
both land and aquatic forms in one family, and were our knowledge of 
past and present day insects greater, we might be able to trace the steps 
by which a land insect gave rise to aquatic forms. The aquatic Diptera 
are excellent examples, some living in mud, some in shallow water, some 
in deep water. We may suppose these to have more recently acquired 
the aquatic habit than such a homogeneous group as Odonata or Ephe- 
meridcee which are now wholly aquatic and were probably derived from 
primitive land ancestors. 


Among aquatic insects, one of the most interesting features is the 
manner in which the air supply is obtained. Assuming that all aquatic 
insects are descended from terrestrial ancestors, and not from a single 
form which became aquatic, we would expect different groups to solve 
this problem in different ways and to find a great variety of devices to 
secure an air supply. In general mature insects obtain their air direct 
from the atmosphere, rising to the surface to do so, and there are among 
them fewer modifications in the respiratory system, possibly owing to 
the greater rigidity of the outer skeleton and the far smaller degree of 
plasticity of the adult constitution as compared with the larval. We 
may, therefore, consider the larval and pupal forms of aquatic insects, 
extremely briefly, solely from this point. Insects are commonly pro- 
vided with one or two thoracic spiracies, and a series of five to eight on 
the abdominal segments. This, the so-called holopneustic (2 thoracic) 
or perineustic (1 thoracic) system obtains in adults but not, so far as we 
are aware, in larve. The first modification we find 1s the closure of all 
spiracles but the two terminal pairs, one near the head, one nearest to 
the tail (Amphipneustic). The closure of these spiracles 1s actual, but 
the spiracle remains, a tracheal vessel runs to it which contains no air 
ag a rule. The larva of Pericoma (Psychodide) and allied larve are 
examples, and air is obtained by bringing either of the pairs of spiracles 
to the surface. A far commoner modification 1s the metapneustic one, 
where only the terminal abdominal spiracle persists 1n a functional state, 
being usually very large. A large number of Insects exhibit this charac- 
ter in the larval state including Amphizoa, Dysticide, most Hydrophili- 
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de, Helodes (Dascillide), Culex, Dixa and Anopheles (Culicida@), Lupu- 
lide, Stratiomys, Tabanide, Syrphide, and Sciomyzidw ; in these it 
obtains in the larva, and not always In the pupa, though in Stratiomys 
and Hamonia, for instance, the pupa also exhibits 1t. In a few, we get 
the complementary state, in which the anterior spiracle alone is func- 
tional, as in the pupe only of Culicida, Chironomida and Diarder. 


In the above there have been in all cases at least one spiracle func- 
tional and the normal tracheal system. In those that follow, there are 
no functional spiracles, unless one of the above systems is combined with 
it: most larve exhibit one of the above modifications, with one or sev- 
eral of the following, though the latter may occur alone or in combination 
with each other. Tracheal gills alone, with no other definite system, 
occur in a number of larve; in these the skin is produced into thin- 
walled tubular structures in which the body-fluid circulates, in which 
there are tracheer, and which function as gills since they absorb 
(or are supposed to absorb) oxygen but are tracheal and not true 
gills since the air is passed into the trachea and not, apparently, 
into the ‘“‘blood’’ system. Such gills take many forms but are common- 
ly tubular or paddle-like, in tufts, in spongy masses; they occur in 
larvee which do not come to the surface but live wholly in the water at 
some depth usually, as in the Perlide, Ephemeride, Sialide, Sisyra 
(Hemerobuide), Haliplide, and Calopterygides (Odonata), and in the sub- 
families Phryganeides, Sericostomatides and Leptocerides of the Phryga- 
nerd. These gills may be on the eight basal abdominal segments 
(Haliplide), on the seven basal abdominal segments (Sialid@), on the 
apex of the abdomen (Chironomide), Corethra (Culicide), Simulium, 
and the Calopterygine division of Odonata, on the base of the 


abdomen (Perlidew, some Ephemeridew) or on the whole abdomen 
(Gyrimida, Phryganeide). 


Accessory tracheal gills also occur, in combination with a spiracular 
or other combination, as in Diza, Cules, Mochlonyx and Helodes. Such 
accessory gills are extremely common and cannot always be easily dis- 
tinguished, Rectal respiration is another modification of tracheal res- 
piration, in which water is taken into and discharged from the rectum 
which 1s set extremely densely with trachex and functions asa ‘‘ water- 
lung ’’ or gill. Odonata (exc. Calopterygid@) are the best examples, the 


V ety YD \ j j 
ery young Chloeon (Ephemerid@) is another and both Culex and Cera- 
topogon also exhibit it. | 


There are fi rg = aes 
ita red ae Stone modifications in which trachex play no direct 
art: the s ssibly One 4S CoottT 99 S 
toe nice ae ieee unctions as a ‘‘gill’’ in many of the young larval 
conjecture large] Ee 'S no other system developed ; this is a matter of 
piration of Ll y, but there 1s no other available explanation of the res- 
2, thy young aquatic forms. Some Phryganeide and Perlide 


never exhibit any other respirat; 
sumed the air is Aaa respiration throughout larval life, and it is ea 
air is obtained through the skin | 
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‘* Blood-gills *’ are gills as opposed to tracheal gills, since only the 
body-fluid circulates in them and no trachee enter them, or if they do, 
do not contain or carry air ; the gills of Pelobius, Hydrocyphon and some 
Chironomus, the rectal pouches of Macronema, the gills of some young 
Phryganeids and Ephemerids are of this class, though in the last there 
is little real distinction from tracheal gills. 


There are a small number of insects in which air enters the body 
cavity and thisis so extraordinary a phenomenon that though we know 
of it in only two insects, we mention it here. It deserves fuller investig- 
ation. Another peculiar method is found in larve which take air into 
the alimentary canal, either swallowing it as does one aquatic larva, or 
as Odonata do, at the hind end ; this is often seen in the latter in captiy- 
ity, and is simply a modification of the rectal gill. ; 


Finally, there are the insects which contain a red pigment allied to 
or identical with Hemoglobin, the constituent of man’s blood that 
carrles oxygen in weak combination from lung to tissue and Carbon 
Dioxide to the lung. Chironomus is the familiar example, found in 
every Indian tank, and we use this generic name in a very broad sense 
to include many forms allied to Chironomus but not identified. 


For the benefit of the student we attach the table of modifications 
mentioned above. 
I. Tracheal : 
1. Stigmata : 


Holopneustie. 
Peripneustic. 
Amphipneustic. 
Metapneustic. 
Propneustic. 


2. No Stigmata : 
f Tracheal gills, main. 
qg Tracheal gills, accessary. 
h Rectal gills. 
Il. Without trachee : 
; Skin, wholly or in part. 


eo a,09 OW 


; 


Blood-gills. 
k Entrance of air to body. 
/ Entrance of air to gut. 


m 


Pigment. 


Summary of aquatic families —The following review does not pre- 
tend to mention every aquatic form or group, but contains the majority, 
and probably every important family. 

Aptera include aquatic forms living on the surface of water. Pod- 
urine are known to have this habit and, were we to include the marine 
forms. the well-known Anurida could be cited. Aquatic Orthoptera, 
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while rare, are not unknown. A description of an aquatic Gryllid (Hy- 
dropedeticus vitiensis Mial. and Gil.) will be found in Trans. Ent. Soc., 
Lond., 1902, p. 281. Tridactylus is found on the surface of water but 
usually lives on mud. (See p. 99.) Annandale has found an aquatic 
Blatta in Malaya and an aquatic Epilampra in India (Journ. Asiatic 
Soc., Bengal, 1906, p. 105). In India, one genus at least of Tetrigine 
(Scelimena) is aquati¢ and an Acridiid allied to Hieroglyphus has the 
habit of diving below the surface. 


Amongst Neuroptera, there are several important groups. The 
Perlide (Stone Flies) have aquatic nymphs, which have ten pairs 
of closed stigmata, and functional gills as a rule. A few are stated to 
have no gills but to have special tracheal developments at the skin. 
Others have gills on the first thoracic segment (Nemoura, Pteronarcys) 
on the sides of the thorax (Perla, Pteronarcys, Nemoura), on the apex of 
the abdomen (Perla, Pteronarcys) or on the head (Dictyopteryx signata). 
The Odonata are wholly aquatic with two modifications ; the Calyptery- 
gide@ have leaf-like processes functioning as tracheal gills, the Aeschnide 
and Libellulide, rectal gills with anal valves to admit water, the 
gills in the former being papilliform, in the latter lamelliform. The 
Ephemeride are also aquatic with gills in the older stages. Lubbock 
has remarked that the skin of Chloeon functions till the third instar, 
when gills appear, but the trachez are functional only in the fourth 
instar (there are 20 instars). Gills take several forms, and. may be 
large and exposed, flat lateral plates, tubular under a gill cover, or 
concealed. The long caudal sete have a circulation and are probably 
also respiratory. Of the Sialidw, the Sialine live in mud, the first 
seven abdominal segments having filaments functioning as gills. Of 
the Hemerobiide, the Hemerobiine contain two aquatic forms, Osmylus 
and Srsyra, the latter with abdominal tracheal processes. The Trichop- 
tera are wholly aquatic in the larval stage, having no gills (some 
Hydropsychides, Rhyacophilides, Hydroptilides), or having gills in the 
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ere Cid vate include a few remarkable parasitic forms which 
epost’ their ova in the larve of Trichoptera or other aquatic insects. 
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processes (Berosus). Platypsyllide are scarcely aquatic save in that 
their host the beaver is so. Heterocerid@ are semi-aquatic in mud or 
wet sand in all stages. Parnida@, so far as known, are peripneust'c or 
have filamentous branchie ; the Elmides have three pairs. 


Dascillide are aquatic and while some have functional spiracles, 
others are said to have exsertile respiratory pouches (Hydrocyphon); 
a few forms of the Donaciine among Chrysomelid have aquatic larva, 
the larva being found in the roots of aquatic plants. (Donacia, Hemo- 
nia.) We have omitted to mention the abnormal aquatic Carabid found 
extremely rarely in England and Annandale has recently described an 
aquatic weevil from Calcutta (Journ. Asiatic Soc., Bengal, 1906, p. 
197) as well as an aquatic glow-worm larva (loc. cit. 1906, p. 107). 


Few Lepidoptera are aquatic but some are very notably so in this 
country. A single Pyralid genus (Acentropus) has an aquatic larva (not 
known in India); the Hydrocampine include at least several aquatic 
forms including Nymphula depunctalis Guen and N. fluctuosalis in 
which the larva is set with short respiratory processes. Both these 
are common in India, while Hydrocampa, Paraponyx end Cataclysta 
are known elsewhere. 


A single abnormal Eupterotid is aquatic, the larva of Palusira Bur- 
mestert being holopneustic but having a covering of long hairs in which 
air is retained ; it comes to the surface to renew the supply. Of Diptera 
we are still largely ignorant but the Culicide have aquatic larve, 
variously modified, as do the Chironomide. Corethra is in the larval 
state dependent on tracheal gills; Culex, Anopheles and others are 
metapneustic, but have tracheal gill processes aswell ; in all) the 
pupe are propneustic, the anterior spiracles lying within large trumpets 
which are brought to the surface of the water. Chironomide include 
the forms with hemoglobin (Chironomus) as well as those with tracheal 
gills ; the pup are propneustic or have tufts of gills. The aquatic 
Ceratopogon larve appear to have no gills and to breathe through the 
skin. Psychodide have aquatic or semi-aquatic larve, living in 
algee and weeds, with four ciliated processes at the hind end forming 
a basin round the spiracles, as well as a functional pair of anterior 
spiracles. Divide have metapneustic larve with tracheal gills, the pupa 
with propneustic trumpets. Aquatic Tipulid \arvee are well known 
and are metapneustic, some with a long telescopic tail process 
(Bittacomorpha, Ptychoptera). One at least has long tracheal filaments 
(Phalacrocera replicata). The larve of Blepharoceride are known to 
live in torrents and near waterfalls, clinging firmly to rocks. Semuliad 
larve are found in swiftly running water and have five retractile gills ; 
the pupa has a tuft of filaments. Stratiomyide have some aquatic 
larval forms, the larva metapneustic with an expansible ring of hairs 
that hold an air bubble. AP 

Tabanida have metapneustic aquatic larve, as do the Syrphida in 
some cases, the latter having in some forms (Fristalis, Helophilus), the 
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long telescopic tail process with the spiracles at the ap ne ede s 
propneustic with the spiracle on the tubular filaments, fi 18 os be 
some Acalyptrate muscide have aquatic larvee, Dasycerides, Lphydrides 
and Sciomyzides being thus found. 3 | 

The above includes the majority of the forms with aquatic nymphs 
or larvae, but we may remember that in almost any tank or stream there 
are abundant new forms as yet unreared, and that aquatic insects are 
by no means well known. We are familiar with many fresh-water larve 


which do not come into any ofthe above groups, and the Indian aquatic 
fauna is almost unknown. 


The following Hemiptera are aquatic in all stages, but all are holop- 
neustic or peripneustic. The Hebrid@ are scarcely truly aquatic, living 
in damp situations, the body beneath densely pubescent. Hydrometride 
live on the surface of the water, being also pubescent below. The divi- 
sion Cryptocerata are aquatic, living below the suriace but being holop- 
neustic or peripneustic in all stages; Pelogonide (Galgulide) are alone 
found on wet mud and near water. Nepid@ live in shallow water and 
obtain air by means of two processes which unite to form a slender tube ; 
the nymph obtains air by means of two ventral pubescent grooves 
leading to the apex of a short process. Naucorid@ carry air down with 
them in a bubble attached to the hind end and come to the surface to 
renew it; Belostomide are also aquatic and obtain air from the surface. 
Notonectide and Coriaide carry air on the lower side of the body and 
come to the surface to renew it. 


_ So far as we are aware, there remains only one aquatic Hemipterous 
insect, an Aphid (Rhopalosiphum nymphee Fabr.) found in India 
below the surface of fresh water on an aquatic plant. 


In the above aquatic insects, we have indicated the fact that the 
actual habitat in the water may be very different, and it will be useful 
to briefly note the habitat conditions that we find. There are many 
forms which never or only exceptionally leave the surface, such as the 
Gyrinid beetles, the larve of Dizxa and Anopheles and the various H y- 


drometride ; they are aquatic only in the sense that they live on water 
and are adapted thereto. 


Others live near the surface and alwa 
purposes. Of these some live in alow or w 
the pup of aquatic 7% . 
pupa of Psychodide ; 
and Bittacomorpha 
tales and Helophilu 


ys within reach for air-getting 
eed masses as Palustra larve, 
pulids, the larva of Stratiomys and the larva and 
others are in mud at the margin, as Ptychoptera 
, the Tabanid larvee, the larva and pupa of the Hris- 
Ss sections of Syrphide. 
a = uepentl as on the surface, but 
the Hydrophilus be 
and Dixide. 


Pane e go deep in search of 
are the predaceous beetles (Dytiscide and the like), 


etles. th Athalon ; i RE 
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When we leave the surface, we find a number that live in the middle 
depths ; the peculiar mining larva of Dorycera, the red Chironomid 
larvee found in the soft stems of aquatic plants, the larve of Ephemeri- 
de in the holes in the bank, the many larve in masses of alge or weeds 
(Ceratopogon, Acentropus, Hydrocampa, Cataclysta, Paraponyx, Nym- 
phula and Simulium), the few larve that live actually free in the water 
in the middle depths (Corethra and Chironomid larvee), are examples of 
insects neither dependent upon the surface for air nor finding food 
at the bottom, and which are commonly obtained with a net in the middle 
depths. . 


There are also the insects in the depths or on the bottom; the Per- 
lid larve are under stones ; the mud-loving Sialide, the larve .of.cad- 
dis-flies and dragon-flies are found on mud ; some are found only at the 
bottom of shallow running water, including caddis larve, the nymphs 
of Odonata, Perlide and Ephemeride, as well as such aquatic Hemero- 
brides as are not found in sponges. 


Finally, there is the remainder, which are at all depths except near 
the surface, which range over the bottom and middle; these include the 
more active Odonata and Trichoptera, the larve of Haliplide, Gyrinide 
and Parnide, as well some of the Hydrophilide (Berosus). A far larger 
part of the aquatic fauna would naturally come within this last division 
were one to go minutely into it, which is impossible in this place. 

Sufficient has been said to show that aquatic insects live in a world 
of their own, one as complex in its internal relations as that of the land ; 
we find herbivorous insects, preyed on by carnivorous ones, occasionally 
attacked by parasitic ones ; it is a teeming world of life of all kinds, of 
immense interest from every point of view and especially so from the as- 
pect of the immensely ingenious contrivances by which insects obtain 
their air supply. But it is a subject which has been scarcely touched 
in this country, though there are unrivalled opportunities at almost all 
times ; we anticipate that the investigation of how these insects pass 
through the time when tanks dry up will yield some extremely interest- 
ing results, and we may hope that, though there is no economic side to it, 
this fascinating branch of entomology will some day be attacked. 


KPHEMERID &.—May-F hes. 

Slender insects with large forewings and small hindwings. The antenna 
are short. There are two or three long processes on the abdomen. 
Tarsi four or five jointed. Larva aquatic. 

This is the last family in which the wings are formed in the active 


’ . A mp " r7 ara , 7a) io ’ 
nymph outside the body as in Orthoptera. 'The wings are, in repose, held 
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y in an upright position and, with the long anal 


together above the bod 
Some are small very delicate insects, 


processes, are very distinctive. 
not longer than 5 mm. with a span of nearly 10 mm. ; others are larger, 
but none are very large. Eyes are larger in the males than in the females, 
the upper portion with larger facets than the lower and sometimes 
divided. In some cases the upper half is much larger and raised on a 
large projection above the head. The antenne are short, the mouth- 
parts feebly developed or absent. The mesothorax is well developed, 


Fig. 60.—EPHEMERID. (F. M. H.) 


the abdomen sessile, ten-jointed and glabrous. There is no ovipositor; 
the male has longer forelegs (often very long) than the female, and dis- 
tinct jointed claspers. The venation is complex. The colours are grey 
or pearly, the wings transparent, faintly tinged, or with dark markings. 

The life-history is similar to that of other aquatic insects. Eggs 
are laid in water, either loosely or in compact masses ; Eaton records 
seeing Baetis descend under water to lay her eggs under a_ stone 
ae eG 1s apparently habitual in some species. The nymphs are 
slender Insects, usually with long abdominal processes, with long 


antenne and well developed biting mouthparts. The food is said 


to be mud, or minute aquatic vegetation 
? 


predaceous. They but some are certainly 


eee asat te tin t ee in varlous situations and beyond the fact that 
5 / € 1OUnC Pag a Ss - : 
in tresh water in India, not much is known. All 


have gills some part of 
ave gills on some part of the body for the purpose of extractin 
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air from the water; these are situated on the abdomen and 
consist of thin walled processes in which the body fluid circulates 
and in which trachee are found. In fact, the 
gills supply the trachez with air and are not gills in 
the same sense as in fishes. The form of these 
nymphs in general is very varied, as are their 
habits and there will probably be found a similar 
variety in Indian species. The reader will find 
general information in Mhiall’s Aquatic Insects, 
in Sharps’ Insects and in Eaton’s Monograph. 
A curious feature of the life-history is the 
very sudden transformation ; the full-grown nymph 
comes to the surface, the skin breaks along the 
back, the flying insect emerges; but its meta- 

SE aie Boab abe morphosis is then not really complete and the 
(Afier Eaton.) —_ insect (now called a sub-imago) flies to a spot on 
which to settle, then sheds another delicate skin. This phenomenon is 
known only in this family. One species common in the plains flies some 
hundreds of yards before doing this and comes to light, settles on the 
wall and then emerges fully developed, leaving the delicate skin behind. 


The nymphal life is probably as long relatively as the imaginal life 
is short. The May-flies are types of the brevity of life, but in reality 
these insects have previously enjoyed a very long life (for an insect) in 
their aquatic form. Lubbock found that the nymph of a European 
species underwent twenty moults. The perfect insects apparently emerge 
to a brief career of enjoyment. May-fly dances are a common feature of 
a still warm evening, the delicate insects (males) performing intricate 
evolutions in companies on the wing. A dance in three dimensions may 
have advantages over the dance on the two dimension dance-floor and 
we can compare it only to a dance of flying machines. These dances 
take place often at a considerable distance from water, a number of the 
insects gathering together for the purpose and forming a very striking 
sight. Coupling and egg-laying closes the brief life. As the mouthparts 
are absent and no food is taken after emergence, an active life must soon 
close, and it is probably correct to say that May-flies do not live for 
more than one or a few days. The immense swarms of May-flies that 
emerge simultaneously in some countries do not seem common among 
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Indian species, and these insects appear during long periodsin the hot 
weather and rains, but not in large numbersat any one time. As these 
insects in their feeding life live a purely aquatic life, there are none of 
economic importance and the group, asa whole, has attracted little atten- 
tion in this country. The number of species known is small, as they are 
not attractive to collectors. 

In his monograph, Eaton describes the known Indian and Ceylon- 
ese species (Trans. Linn. Soc., Zool. II). EHaton also mentions ten spe- 
cies from India (J. A. 8. B., LX, p. 406) and discusses them, mentioning 
also that McLachlan possessed nine species from Tenasserim. The total 
recorded by him is twenty-two species, but our common plains species 
are apparently undescribed, the recorded species being from eleva- 
tions above 4,000 feet in Ceylon or the Himalayas in most cases. 


Collecting.—-lmagines and sub-imagines are best preserved in spirit 


as their integuments are weak, but when plentiful, a series may also be 
pinned. 


THE RELATIVE DURATION OF LIFE. 


The actual duration of life measured in human units, is a matter 
of very considerable variation among the diverse forms of insect-life. 
From the extremely short-lived Drosophilid fly to the long-lived Cicada 
there is an infinite variety ; this is a matter of small importance since the 
passage of time has a relative value and the insect which lives for but a 
Se ee oe eee i many experiences as a human being in as 
sneer va point is, perhaps, interesting as popular ideas are often 

ely erroneous and forget to take into account the fact that a 


winged insect whose life is 
winged se lite is but a day may hav : 
in an immature form. ‘ a aiecatati 
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food-plant is another factor which prolongs the life of the adult, since the 
mother insect will remain alive until eggs are laid on the food-plant unless 
this period is so long as to exhaust her vitality. 


What terminates an insect’s life? HH we consider the insects which 
escape their foes, which do not die of injury, of parasites or of disease, 
but which die a natural death, what brings about the cessation of life ? 
Speaking very broadly, the full exercise of the natural functions of re- 
production brings a speedy end, perhaps from exhaustion, perhaps from 
a lack of vitality now that there is no further object in life. The locust 
dies, if a male after coupling, if a female after the deposition of all the 
eggs, though food may be abundant and the conditions apparently 
suitable for further life. The moth dies after mating or laying eggs, and 
the life of many moths is limited to one or two nights if reproduction 
is effected, though it may be much extended if mating and egg-laying 
be not possible ; and this is true even of moths that cannot feed and in 
which the alimentary system is wholly undeveloped. 


In estimating the natural life of an insect, we have to consider the 
time required to build up the tissues of the larval or nymphal as well as 
those of the subsequent imaginal form, the time required to reproduce, 
as well as the conditions of food-supply and temperature under which 
life is carried on. For many, the conditions of food-supply and tem- 
perature are such that a yearly period covers the whole life, there being 
one brood yearly. For others, one active season is not sufficient for the 
larval form to lay up sufficient nourishment to provide for the tissues 
of the imago ; or this may be possible during the limits of a season or two 
seasons, but the processes of transformation cannot be completed in time 
to allow of the imago to emerge, mate and lay eggs at a favourable sea- 
son and before the rigours of winter or drought prevent the imago from 
providing for the young. Thus we get a two-year or a three-year period, 
the whole life from egg to egg occupying multiples of one year. In rare 
cases (so far as known) this period may be peculiarly long and the Cicadas 
are notorious in this respect ; the 17 years of T%bicen septindecin, and 
the 13 years of Cicada tredecin, both American insects, are notorious In- 
stances. Turning to shorter-lived insects, we find for instance the two- 
brooded butterflies, in which there is one quick brood in the rains, and 
one longer brood which persists in some form through the cold and dry 
weather till food is again available on the coming of the rains or perhaps 
at the opening of the budsin spring. From these, a large class probably, 
we come to those which have several broods in the limits of the hot 
weather and rains and which have one longer brood, with a long inactive 
period in the colder weather. The active periods in these cases are the 
same, but one brood must pass through the long inactive period. 


We come finally to normally very short-lived insects such as many 
Diptera, in which the egg, the larval, the pupal and the imaginal life 
are contained within perhaps 14 days, the actually known shortest 
being about 7 days. For these insects life may be long, but given the op- 
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entiful food, abundant flies hatching out together, 
for the young, on which the parent may lay 
eggs, the period is reduced to the least possible, the egg hatches quickly, 
the larva quickly lays up food, the transformation 1s quickly accomplish- 
ed and the flies quickly find mates. It will serve no useful purpose to 
attempt to summarise more closely than above, but we may indicate briefly 
the characteristics in this respect of some of the larger groups, with 
regard to Indian insects primarily, but where our knowledge fails, to the 
group asa whole. The known Cicadas are the longest, the known Dro- 
sophilides, Culicides and some other Diptera the shortest. Blattids ap- 
pear to be long, four years or less for some species. Mantide@ are pro- 
bably at most two-brooded in the year, many probably one-brooded. 
The same is probably true of Phasmids ; Acridiids require one year, or 
have two, three or four broods yearly, probably more only in rare cases 
(such as Chrotogonus and Atractomorpha). Locustide are probably one- 
brooded in most cases and nothing is known of Gryllids, though there is 
reason to believe that some are many brooded, most one-brooded. 


timum temperature, p! 
and a suitable food-supply 


Most of the known aquatic Neuroptera seem to be two or more 
brooded, imagos appearing several times in the year and the period in 
Ephemeride, for instance, is probably normally short enough to give 
several broods yearly. The larger Neuroptera Planipennia are apparent- 
ly one-brooded, but the predaceous Hemerobides and Chrysopides are 
many brooded. Predaceous land Neuroptera, like many other preda- 
ceous forms, seem to have the power of enduring long fasts and the life- 
history may be much prolonged accordingly. 


Tenthredimde are many brooded so far as known, and the period 
for many parasitic Hymenoptera is very short, shorter than that of their 
hosts in many instances. Aculeata have short lives, several broods usual- 
ly being produced in a year, and here we have an instance where the com- 
pletion of sexual functions does not bring death, since workers have none ; 
their life is however not long, the worker being exhausted within a com- 
paratively short time (in the bee six weeks). A large number of Coleop- 
lera require a year for complete life and many emerge as imagines only 
at one season yearly. This does not apply to Coccinellid@, to some Bu- 
eee i household and grain beetles, to some Chrysomelide and 
i Fee © (e.g., Apoderus, Hypera, Cionus). On the other hand, 

— abide, Cicindelide, Scarabaide, the larger Elateride and Bu- 
ee Cantharid e@ and many Curculionide have a period of at 
he year; while some Cerambycida, the large forms of Lucanide 


and Scar sire : 

watheve wewide, probably require more than one year. In Lepidoptera 
some which require but a month, and complete six to eight 

broods yearly, ? Pp g 
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ee ie least two and many, more than two broods. 
abrmlit ihe at ved - profound, but the order certainly includes 
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lives if food is plentiful but long ones if it is not, and some species normal- 
ly have long lives (special parasites, such as Bombyliids, Conopids). 

Few Hemiptera have been reared, and we must fall back on what is 
known of the periods at which the imagines appear. A few Pentatomi- 
de appear to breed often in a year, whilst some are probably two-brood- 
ed, a rains and a dry weather brood; some are probably only one- 
brooded. The same is probably true of Coreidew. Lyyaide and Pyr- 
hocorid appear to include more species which breed several times, as do 
the Tingide. Reduviidae are probably few brooded, as well as Capsi- 
de, but the latter in some known cases breed quickly. 

Cicadide possibly all require at least one year, while some are very 
long-lived, and it is quite possible that our Indian species follow the 
examples of the known long-livedones. Thesmaller Homoptera (Fulgori- 
de, Membracide, Cercopida) are probably two or more brooded, but 
it is doubtful if any have more than four broods yearly owing to the lack 
of food. Aphide@ are comparatively short lived with plenty of food, but 
as they are viviparous, an aphis may often live to be surrounded by sever- 
al generations of children, grandchildren, and so on. Given good cir- 
cumstances the number of broods in a year may be very large, without 
the life of the insect itself being naturally very short. Aleurodide and 
Coccide are, for so small insects, apparently long-lived, but they appear on 
the whole to have several broods a year, while some are only one-brooded. 

The student will recognise that so brief a summary is of little value 
save as a suggestion and as an indication of the scope of the relative life. 
Further details are given under each family. 

There are two methods of finding the length of life of insects, one 
the actual rearing or observation of the living insect in all stages, the 
other the knowledge of the seasons at which the imago appears and the 
length of its life ; an insect that appears but once yearly may have a 
yearly period or one in multiples of years, but cannot have a less period 
than a year. The duration of life in the long-lived American Cicadas 
was deduced from the years in which the imagines appeared abundantly, 
a matter of such importance that records extending back many years 
gave the necessary information. 


SIALID #. 


Wings of nearly equal size, hind wings not folded (ef. IBLE at an 
angle over the abdomen when in repose. Antenne long. fl he wongs 
are not closely reticulate (cf. Hemerobiide). Tarsi five-jovnted. 
Larva aquatic, with a quiescent pupa. 

A small group of moderate-sized insects, distinguished by the wings 
and five-jointed tarsi from the Perlida which most resemble them, 
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ee linia wat drangular prothorax and 
There are two sub-families, Sialine with quadrangular prothorax an 


Raphidiine with elongate prothorax. 


Ss 


. Fig. 62.—CoRYDALIS ASIATICA. 
(From Wood-Mason.) 


Of the former the larve of the known species are aquatic, hatching 
from eggs laid near the water; the larva has biting mouthparts, a con- 
spicuous head, long legs and the abdomen has a jointed gill-process on the 
side of each segment. They are probably predaceous and live for choice 
in mud. Only a small number of species are known. Corydalis, the 
very large Sialid, common in America, is recorded by Wood-Mason in 
India, Corydalis asiatica, W. M. (fig. 62), being found in the Naga Hills. 
(Proc. Zool. Soc., 1884, p. 110.) Chauliodes subfasciatus Westw. is 
figured in Cabinet of Oriental Entomology ; C. maculipennis Gr. (Griffiths’ 
Animal Kingdom, pl. 72, fig. 1) is also 
known from India. Three other species of 
Chauliodes are described by MacLachlan, 
Weele and Walker, and 8 species of 
Neuromus by MacLachlan, Weele, Walker 


and Rambur, all from the Himalayas or 
Assam. 


Fig. 63.—CHAULIODES - soe ‘ 
MACULIPENNIS, Of the Raphidiine, none are known in 
(After Cuvier.) India. 


PANORPID2. 


PaNorPID#.—Scorpion Flies. 


Head prolonged into a distinct beak with biting mouthparts. Two pairs 
of wings of equal size held at an angle (or wingless.) The male 


with the apex of the abdomen turned up, the apical joint swollen, as 
ma scorpion. Tarsi five-jointed. 


These singular insects are at once \ f 
recognizable from the peculiar head. ~ 
They are of moderate size, found flying 


in wooded places, and easily distinguish-. 


able. The antenne are long; the 


wings moderately large and held out 
from the body. The 


abdomen is 
long, 


in the male turned up as in a 


scorpion’s tail, in the female straight 
and tapering. 


Fig. 64—.PANORPA FURCATA. 
(After Hardwicke.) 


The common Indian species are apparently similar to the European 
form, whose life history is known; the eggs are laid in a mass in the 
ground ; from them hatch larve in the form of caterpillars, which feed 
upon decaying vegetable matter usually underground; the larve have 
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Fig. 65.—PANORPA FURCATA, 
(After Hardwicke.) 


Fig. 66.—PANORPA FURCATA; HEAD. 
(After Hardwicke.) 
imperfect guckerfeet as well as jointed legs and there are renee spots 
or spines on the segments. Pupation takes place in the soil. The ima- 
gines of both the observed Indian species are predaceous and very active 
| {IL LO 
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they haunt shady places among bushes and under trees and attack repu 
paratively large insects. These insects are uncommon and little is rec- 
orded about them. A pretty species marked with blue is common on 
the Western Ghauts in the rains, and a brown species is found in the 
Khasi Hills. Hardwicke describes a species from Nepal, figures of which 
are reproduced here. (Trans. Linn. Soc., XLV, p- 132.) Lie commny in 
the E. Himalayas, and has aresemblancetoa large Ichneumonid. Bittacus 
latipennis Gerst. is described from Darjeeling (M. T. Vorpomn. XVI, p. 
20, 1885). Probably others will be found when the family comes to be 
observed, and it will be possible to see how far their life history agrees with 
that outlined above. 


HEMEROBIID &. 


Wings nearly equal in size, many-veined and held at an angle over the 
abdomen. The hind wing not folded. Antenne well developed. 
Tarsi five-jointed. Larva with suctorial mandibles, 
pupa in a cocoon of silk. 


This is a miscellaneous assemblage of easily recognised insects, united 
by the life history and larval trophi. The adults differ greatly in appear- 
ance, but form a distinct family. It is possible that the family will be 
confused with the Sialide, unless the studentis familiar with the latter. 
The essential differentiating character is that in Sialid@ the wings are 


‘not densely reticulate, whereas they are so in Hemerobiid@ (except 
Conopteryx). 


Asa rule, the different forms of Hemerobiide are so distinct that they 


can be recognised at sight, but the above is apparently the only true struc- 
tural distinctive character in the imago. 


As the habits of the seven sub-families are distinct, we propose to 
discuss each in turn. 


‘Myrmeleonine. Short knobbed antenne. 
Ascalaphine. Long 


rs ? »? 
Lvemopterine., 


Hind wings almost linear. 
Forelegs raptorial, 
Antenne: moniliform. 


Mantispine. 
Hemerobiine. 


Chrysopine. < setaceous 
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Myrmeleonine. Ant-lions. Recognisable by the short clubbed 
antenne ; the wings are usually large and of equal size, often very much 
marked with brown and black. . 


; EMPTY PUPA CASE PROJECTING FROM 
COCOON AFTER EMERGENCE, x 12, PIT OF THE LARVA, x 1. 


Fig. 67.—MYRMELEONID ; LARVA, x 12 


These large and somewhat ungainly insects have a wing span of 
three inches in the larger forms, the smaller of half that length. The 
colouring is sombre, brown predominating. The head is large and dis- 
tinct with large compound eyes. The mouthparts are biting with long 


palps. The thorax is robust, often very hairy. The wings are long, of 


- 
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. . 7 r “ 
nearly equal size, with a great number of veins. The larger species have 


large red-brown or black blotches on the wings, the smaller have hyaline 
immaculate wings. The abdomen is long and slender, stretching be- 
tween the long wings which are held in a sloping manner over the abdo- 
men. The legs are comparatively short, robust and spiny, enabling 
the insect to cling tightly to plants. Males and females are similar in 
appearance, as a rule, the male sometimes distinct by the possession of 
two cerci. 

The life history of the known species is uniform throughout the 
eroup. The eggs are laid in sand or earth; the larva that issues 1s 
flattened, the head large and flat, the thorax and abdomen stout. The 
head is elastically attached to the prothorax and has a large degree of 
motion. Projecting in front of the head are immense jaws, long and 
curved, which are made up of the true mandibles and maxille combined. 
The slender maxilla lies in a groove of the lower side of the mandible, and 
the two together form an imperfect tube, liquid ascending between the 
two structures into the mouth. This is an adaptation which enables the 
insect to suck the blood of its victims and food is taken in no other way. 
The larvee live a free wandering life or live in pits in sand. The free- 
living ones lurk among vegetation and capture small running insects. 
They are a portion of the surface living insects which are so abundant 
oe dense vegetation. Some species are common in damp localities, the 
Imago found in long grass, the larve living a free life in the grass and 


Fig. 68.-MYRMELEO SINGULARE. 


capturing insects. ° wer 

he? arith “ The most familiar species live in pits in sand; the 
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in the soil; with its broad head it throws out sand, and by working 
steadily round in a spiral it gradually excavates a round pit, with sloping 
sides, and buries itself at the bottom. It then lies there motionless, its 
head at the bottom of the pit; should an unwary insect walk over the 
edge of the pit, the sloping sides impede its exit and the ant-lion throws 
sand at it by jerking its broad head. Sooner or later the insect comes 
within reach of the jaws and is seized, sucked out and the dried shell 
thrown out. Ants form a large part of its diet, as they are incessantly 
running over the soil, and the pits areapparently adapted to catch them; 
larger insects escape readily. his life is an interesting one and food 
appears to come only at long intervals. One might hold up this insect as 
a type.of patience ; they are able to endure long fasts and an occasional 
ant every week or so is apparently sufficient to keep captive specimens 
alive. They live only in dry sand and make new pits if occasion arises. 
Near houses these pits are common, and when rain comes, or when the 
rainy season sets in, the new pits are made under the lee of the house 
where rain will not wet the sand. 


When the Pusa Laboratory was in course of erection, there were 
numerous pits in the dry sand spread over the newly floored verandahs ; 
the reason they were there was apparently that the sand was dry, all the 
outside earth being soaked with the rains, but what food these insects got 
was not apparent as no insects were found there. 

Pupation takes place in a cocoon in the sand or soil near the pit; 
the pupa has mandibles with which it can cut through the cocoon which 
consists of silk and particles of sand. It is noticeable that this silk is . 
produced from the apex of the abdomen. The length of the life history 
is not known; imagos are found at all times from March to November. 
The imago flies clumsily but swiftly, and though nocturnal, 1s frequentiy 
seen flying in the day in long grass. An unpleasant odour is diffused 
from their bodies when they are handled, not an aromatic odour as in 
the Hemiptera but an unpleasant one, suggesting carrion. Light is an 
attraction and many can be caught in houses and at light. A number 
of species occur in India, but the usual darkness seems to shroud their 
nomenclature and classification. ‘I'wo species of Palpares, seven of 
Myrmeleo and one of Formicaleo have been described from India by 

2ambur (1842) and Gerstacker (1893 and 1884). Muyrmeleon singulare, 
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Westw. is one of the commoner species, @ very noticeable insect, 
figured and described in 1847 (Cab. Or. Ent., pl. XXIV, fig. 4). M. par 
dalis F. and M. Punctatus F. from the East Indies are figured in 
Donovan’s Insects of India. 

Ascalaphine— Differ from Myrmeleoninee in having long antenne, 


also clubbed. 


Fig. 69.—HELICOMITUS DICAX. 


This small family is at once recognisable in the winged stage. The 
insects are of the same general structure as the Myrmeleonine, but with 
long antenne held straight out from the head, clubbed at the tip. The 
wings are less elongated and only with few markings. The eyes are 
usually divided across by a distinct line as if the upper and lower 
halves functioned separately. 


The hfe history differs in detail only from that of the Wyrmeleonine 
so farasis known. The eggs were found laid on a lucerne stem, a num- 
ber of little eggs in a row; each egg is cylindrical and truncate at the 
ede Small active larve emerged, whose appearance is best learnt from 
the figure. They were fed on aphides, the aphides being seized in the 


sharp mandibles and sucked out. These larve died as the right food or 
conditions had not been found 


(Others are being reared on a greater 
variety of insects). 


Brean: Other similar larve are found leading a free life inthe 
: S; . 1e thorax js broadly joined to the abdomen, the head not mov- 
ably jointed to the thorax asin the ant-lions. A larva was found on the 


bar c A o ; "AN = . 
k of a tree ; it remained motionless on the bark without food for two 
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months and all endeavours to feed it or rear it failed. An investigation 
into the habits of these larve in the field would yield interesting results, 
and it is possible that they play animportant part in checking some 
insects. The imagines are found flying under trees or in grass and are 
apparently principally crepuscular in habit. 


Westwood describes the following species of Ascalaphus (Cat. Or. 
Kntom., 1847), and figures the first three :— 

A. tessellatus (pl. XXXIV, fig. 1), A. segmentator (pl. XXXIV, fig. 2), 
A. canifrons (pl. XXXIV, fig. 3), A. dentifer, A. angulatus, A. obscurus. 


No species had been previously described from India and ten have 
been since added. (Weele in Selys Collection, 1908). 


Hic. 70.—ASCALAPHID LARVA, x 18. Fig. 71.—EGGsS OF ASCALAPHID, x 2 


Nemopterina.— The hind wings are long and very narrow, project- 


ing hackwards beyond the body. 
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A single species of this remarkable group is found abundantly in 
houses in India, flying about rooms in the dusk (fig. 72). We have 


ge at 


Fig. 72.—NEMOPTERID, x 3. 


observed it three years in succession in April and at no other time. The 

insect is a very graceful one, flying with a weak fluttering motion and 
~ hovering socially much as the mosquitoes do. A single larva of the type 
described as Nemopterous was found in a house in India; the charac- 
teristic is the immensely long thin neck 
carrying the round head and formidable 
jaws (fig. 73). 


There is little reason to doubt that 
the larva of this Nemopterid lives in 
our houses and is probably predaceous on 
small forms of life ; careful search in 
odd corners and dusty places will pro- 
bably reveal the larva and clear up 
the life history of this insect. Nemoptera 
filipennis, Westw. is described and 
figured (Cab. Or. Entom., pl. XXXIV, 


fig. 6) from Central India. he ip es pirate 
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aniapine.—Forelegs predaceous after the manner of a Mantis. 
These obscure insects 


“ppear to be found but seldom in India, one spe- 
cies being known to occyp 


in the plains. The imago has two pairs 
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of hyaline wings, a rather slender body and the posterior legs fitted for 
walking. The forelegs have the tibia bent back upon the femur as in the 
Mantide. 


Nothing is known of the life his- 


: SSS : 
KATIE tory of our species ; Brauer records 


that one European species lays stal- 
ked eggs, as do the Hemerobiide, and 
)) that the larva finds its way to the 
egg-mass of a spider and there feeds 
Fig. 74.—MANTISPA. x 2, on the eggs and young spiders ; it 
pupates in the web that contained 
the spider’s eggs, and the pupa, when ready to transform, pierces its 
cocoon and the spider’s web, the imago then emerging. Glenurus pupil- 
latus Navas., Mantispa rugicollis Navas., and M. Hamiltonella, Westw. 
have been described from India, as also has M. nodosa, Westw. which 
occurs in Assam and is figured by Westwood (Cab. Or. Entom., pl. XX IV, 
oF) 
Hemerobiine.—The antenne moniliform. 


This sub-family includes two types of insects, of which some of each 
are known in India. The Sisyrini live as larve in freshwater sponges, 
and Annandale has recorded one as having . 
been found in this situation in Calcutta. The 
student should consult Sharp’s volume, where 
there is a good figure of the larva. Osmylus 
perspicillaris. Gerst., O. lang Macl., O. 
lineaticollis Macl., and Dilar Hornei Macl., are 
Indian species. The Hemerobuni are represen- | 
ted by one delicate brownish‘insect whose larva . YO3 
feeds on the cotton aphis. The life history | 
differs only in detail from that of Chrysopa in 


distaatibt cis 


edieeey cetES 


the next sub-family ; the eggs are laid on stalks ; 
the larva is naked and feeds voraciously on 
aphides, sucking them out with its long 


mandibles. In this species pupation takes 


place under a very delicate web on a leaf. 


Fig, 75,—HEMEROBINS 
L ARVA. 


This insect is less common than its ally, the 
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oreen Chrysopa, but may be found in cotton fields generally in the 
plains. 

The antenne filiform. One species of this group 
plains, a delicate green insect with shining 


Chrysopine. 
is common throughout the 


Fig. 76,—CHRYSOPA LARVA, WITH ITS COVERING OF SKINS. 
(F. M. H.). 


eyes which diffuses an unpleasant odour on being handled. “Here and 
there about the fields one sees little clusters of white eggs, each egg on a 
separate long slender stalk. (A Himalayan species lays the eggs so 
close together that the individual stalks coalesce and fre finds a little 
bunch of eggs on a compound stalk). The clusters are Scene 


a es 


ee sorpe 
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ig. (7.—EGGS OF CHRYSOPA. 
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on weeds, on the cotton plant, on the ground, and if one watches care- 
fully in the dusk, one may see a long green fly laying them some fifteen 
to twenty in a little cluster. In a fewdays (a little over a week), these 
eggs hatch, the thin shell bursting at the tip to allow the little 
creature to emerge; it sits on the egg shell on the top of the stalk 
till it has recovered from its cramped position in the egg and then runs 
off looking for aphis. It is a very active creature, with long legs, a 
slender body set with spines and a pair of long curved mandibles on the 


POI 


Fig. 78.—EGG AND LARVA OF’ CHRYSOPA. 


head. It is most voracious, catching the aphides in its hollow mandibies 
and sucking out the juice of their body. Having emptied the skin, it 
puts it on its back, where the long spines hold it, and eats the next 
aphis. This process continues indefinitely throughout the larval life 
of the little creature ; it moves about with a large heap of the skins of 
its victims on its back, and it is no easy 
matter to make out whatone has got hold 
of when one sees this extraordinary mass 
running over the cotton plant. At the 
periodical moult it gets rid of the accu- 
mulation of skins, which by no means in- 
cludes those of all its victims and starts a 
fresh covering. Their voraciousness 1s 


very great and in captivity the single 


larva required on an average some 160 


tie. 79,.—COCOON OF CHRYSOPA. P 11.! ie 
Fig. 79.—Co aphides for one day’s food. This 1s 
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they eat when living freely on the 


probably not more than i | 
aciously and we can quite believe 


plant ; they feed very rapidly and vor } : 
the number of victims in a day to be much larger. Finally, after eight 
days’ feeding, its voraciousness is satisfied and it settles down: a quiet 
place to spin its cocoon and turn into the chrysalis. This is done on 
the plant and the chrysalis remains in it for about one month. The 


cocoon is a tough, white oval structure, built of silk, and when the fly 


is ready to come out, the 
top comes off as a neat 
little lid; there is probably 
a line of weakness in the co- 
coon when originally made, 
so that the top will come 
off neatly and allow the fly 
to emerge. The fly is a 
familiar insect with green 
head and body, bright 
golden eyes and long un- 
gainly wings, which look much too big for it. One sees them flying 
about in the dusk or in the day time if disturbed, and like many other 
insects, the attraction of a lamp is usually too much for them. No 
Indian species appear to have been recorded. 

Coniopterygine.—Small delicate insects, in which the wings are 
covered with a white powdery secretion. 


Fig. 80.--CHRYSOPA. x 2. 


Fig. 81.—SPrLocoris GUTTATA. 
(From Enderlein.) 


These delicate inge 


cts are just known to occur j indivi 
Jus 0 occur in India, a few a 
duals having been ¢ oe Le 


apture Pres . fs te 
Ptured flying and on a bair tree in Surat and among 
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pine and deodar in Simla. An account of what is known of the life history 
will be found in Sharp’s insects. They will be confused with Alewr- 
odide if not carefully examined ; the mouthparts are well developed 
with prominent palpi ; the wing venation is comparatively complex and 
the tarsi five-jointed. The wings are white, the body red in one species 

Enderlein has listed the family (Genera Insectorum, 1908); no 
Indian species are recorded. He states that the larve, after feeding 
on Coccids, spin a web by means of anal spinnerets and rest under 
it till spring, when they pupate and emerge. 

Collecting.—Special methods of collecting are not required in this 
family, but great care must be taken to preserve the specimens from 
damp as in all groups of Neuroptera. Myrmeleonides and Ascalaphides 
are on the wing once a year and come to lights. Nemopterids come out 
in houses at dusk and dance; the remainder must be sought for in their 
haunts. Any killing bottle is good, so long asitis quite dry. Good series 
of all species are required, and in this group there is very much biological 
work to be done betore we can fully estimate the value of this family. 


TRICHOPTERA.—Caddis flies. 
Wings hairy, the hind wing larger, with a folded anal area. Coxe long 
and contiguous. Antenne long, tarsi ‘five-jointed. 


The family can be distinguished by the above characters with some 
doubt, since the hairiness of the wings is not always noticeable. They 


Fiv, 82.—MACRONEMA FASTUOSUM WLK. 
(From Ulmer.) 
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are rather delicate insects, moth-like in appearance, but with the wings 
sloped over the abdomen when at rest. The antenns are long. We 
are aware of no observations on these insects in India, other than the 
descriptions of species. Their biology appears to be untouched. In 
general, the larvee live in fresh water in cases, made of a great variety of 
materials, including silk, stones, vegetable matter, shells of molluscs, ete. ; 
each species makes its special form of case, in which the larva lives. 
The larva is somewhat caterpillar-like, with a terminal pair of processes 
or hooks to fasten it to the case, with blood-gills of a variety of kinds to 
secure respiration. They are believed to be vegetarian, and while 
one at least is injurious to the ‘‘ water-cress’’ grown in Kurope, 
none are known to be injurious to India. 


The student of this group should read the chapter in Sharp’s Insects 
and the account in Miall’s Aquatic Insects ; it is to be hoped that the 
family will be investigated in India ; the 
number of plain’s species appears to be 
small, but very little is known and the 
sroup has not been studied. Wood- 


somes Yoasaconc manne, -ebecnsetentite 


Mason recorded a species which produced 
460 living young ones when artificially 
stimulated. Apparently thisisthenormal 
habit of this Caddisfly, which is provi- , 
sionally named by him WNotanatolica 
vivipara (Ann. Mag. Nat. Hist., 1890, 6 
ser., Vol. VI, p. 189). Morton describes a | 
Hydroptilid from the Khasis as Ithytrichia 
violacea, remarking that it is the largest 
of the sub-family with an expanse of 
[2-14 m.m. (E. M. M. 1902, p. 283). He 
also describes Khasi Rhyacophilids ‘in 


Trans. Ent. Soc. London. 1900, p. 1. 
all, some 61 


In 


| species are recorded from 
India, Burma and Ceylon the 


from the last locality, 
der from the hills. 


Fig. 83.--CADDIS LARVA, IN CASE. 
majority x 25. FROM BALSAM SLIDE. 


most of the remain- 
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The following are recorded from India by Ulmer (Zeitschr. Wiss. 
Insectenbiol, 1905, pp. 16, 68, 119, and Genera Insectorum, Trichop- 
tera, 1907). 


1. Phryganeide 1. Neuronia maclachlani, Wh. (India). 
(Limnophilide). 
3. Sericostomatide 2. Dinarthrodes armata, Ulm. (Assam). 
3. Dinarthrorum  ferox, Macl. (North 
India). 
4. Dinarthrella destructor, Ulm. (Darjee- 
ling). 


4, Leptoceridee Notanatolica magna, Wik. (India, etc.). 
Notanatolica vivipara, W. M. (Calcutta). 
Leptocerus indicus, Wlk. (Bengal, its 
systematic position doubtful). 
8. Setodes argentifera, Macl. (North-Wes- 
tern India). 
5. Hydropsychide 9. Polymorphanismus nigricornis, W1k. 
(North India). 
10. Aethaloptera sexpunctata, Kol. (India). 
11. Hydropsyche asiatica, Ulm. (Sikkim). 
12. Hydropsyche luctuosus, Ulm. (Sikkim). 


ee 


6. Polycentropide 13. Plectronemia aurea, Ulm. (Sikkim). 
14. Plectronemia navasi, Ulm. (Sikkim). 
7. Philopotamidie 15. Dipseudopsis indica, Macl. (India). 
16. Stenopsyche grisevpennis, Macl. (India, 
etc.). 
8. Rhyacophilide 17. Rhyacophila anatina, Nort. (Khasis). 


18. Rhyacophila curvata, Mort. (Khasis). 
19. Rhyacophila inconspicua, Mort. (Khasis). 
20. Rhyacophila lanceolata, Mort. (Khasis). 
21. Rhyacophila scissa, Mort. (Khasis). 
22. Rhyacophila tecta, Mort. (Khasis). 
23. Rhyacophila naviculata, Mort. (Trichi- 
nopoly). 

9, Hydroptilide 24. Ithytrichia violacea, Mort. (Khasis ). 

25. Melanotrichia singularis, Ulm. (India). 
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The Trichoptera are characteristic of moist temperate areas rather 
than of the moist or dry tropical areas and the student will scarcely find 
any species without search. None the less, it is probable that in the 
moister parts of India many remain to be found and this is true also 
of the hills. More species are recorded from Ceylon than from all India 
including the hills, and this is due partly to better collecting and to more 


attention having been paid to these insects there. 


Note.—-Since the above was in type, the Ascolaphid larve figured 
have been successfully kept alive and have passed through several instars ; 
they are fed on small sluggish insects such as caterpillars, aphides and 
immature membracids ; they are inactive by day resting pressed tightly 
on stones or earth, usually covered with particles of soil held by their 
spines. 

__ The common hemopterid, which was obtained as usual in April, 
laid eggs in captivity, small oval bluish eggs, laid singly and concealed 
by adhering dust. They hatched to small white larve of the form 
shown in figure 73, but without the long neck which apparently develops 
in later instars. They cover themselves with dust and, in the absence 
of other food, prey upon each other. There can be no doubt that the 
larvee occur in houses and other buildings and there is additional evi- 
dence that they are predaceous, probably upon Psocids (atropos) and 
other small forms of insect life, their long necks probably assisting 
them to obtain their prey in cracks and chinks. ; 


HYMENOPTERA. 


Two pairs of wings of almost equal size, hyaline and with few veins. The 
antenne simpie, Straight or elbowed. The mouthparts mandibulate, 
the labium and maxilla formed in some cases into a lapping tongue. 
The thorax complex, the parts accurately co-adapted to form a rigid 
whole, An extrusible ovipositor is present. Metamorphosis complex, 
the larva freeliving or, more usually, dependent for food on a host or 
on the parent and inthis case a white apodous grub. In both the latter 
the imaginal life is the active period, usually of long duration. The 
order includes herbivorous insects, feeding in or on plants, parasites 
in insects, stinging predators feeding their young on paralysed insects 
and spiders, and social or solitary insects deriving their food from 
flowers, from waste matter (scavengers) or from living insects, 


The sawflies, gallflies, ichneumons, cuckoo-wasps, bees, ants and 
wasps which make up this order are readily recognised in the field : the 
order is a very large one, with a great number of known species, and 
perhaps a greater number of undescribed species than any order except 
Diptera. It includes insects of the very highest importance to agricul- 
ture, and some of great economic value but few that are destructive to 
crops or merchandise. 


The classification of this large orderis simple, and though authors do 
not agree as to the details, the broad lines are generally accepted. Ash- 
mead has revised the whole classification and introduced a new nomen- 
clature, but, while this is accepted in America, it is not that accepted in 
Europe and differs from that still adhered to in England. We must here 
follow the Fauna of India. The order is divided into Sessiliventres, with 
the abdomen broadly attached to the thorax, and Petiolata with the 
abdomen connected to the thorax by a petiole. The Sessiliventres in- 
clude only three families of phytophagous insects, which are borers in 
plants or feed on leaves. The Petiolats includes the remaining 24 
families, which fall into three series :—The Parasitica, with divided 
trochanter and extruded ovipositor, the Tubulifera and Aculeata with 
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retrusible ovipositor and single trochanter, the former with three to 
five visible ventral segments and an ovipositor, the latter with the 
abdomen of more than five visible ventral segments and a sting. 


The 4culeata again fall into four series, the Anthophila with plumose 
hairs and dilated hind tarsi, the Diploptera with forewing longitudinally 
folded in repose, the Heterogyna with the basal one or two segments 
formed into nodes, and the Fossores without any of these characters. 
The classification of the order falls as in the following table :— 


SESSILIVENTRES. 
(PHYTOPHAGA). 


PETIOLATA. PARASITICA. 


TUBULIFERA. 


AcULEATA Fossorxs. 


DIPLOPTERA. 


ANTHOPHILA. 


HETEROGYNA. 


(Cephide). 


Siricide. 


Tenthredinide. 


Cynipid. 


Proctotrypide. 


Chalcide. 
Dryinide. 


Ichneumonide. 


Braconide. 
Stephanide. 
(Megalyride). 


- Evaniide. 


(Pelecinide). 
Trigonalide. 
Chryside. 
Mutillide. 
Thynnide. 
Scohide. 
(Sapygide). 
Pompilide. 
Sphegide. 
Kumenide. 
Vespide. 
(Masaride). 
Colletide. 
Apidee. 
Formicid. 
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Fig. 84—A. VESPA MAGNIFICA, TO SHOW MEDIAN SEGMENT AND SINGLE TROCHANTER 
(TR). B. BRACONID TO SHOW JUNCTION OF THORAX AND ABDOMEN. PET.- 
PETIOLE, MED. SEG-MEDIAN SEGMENT. TR. 1, TR. 2, THE DOUBLE TROCHAN- 
TER. OC. THORAX OF SPHEGID TO SHOW COLLAR-LIKE PROTHORAX. D. DITTO. 
OF POMPILID TO SHOW PROTHORAX REACHING THE TEGUL. 


There is a very extensive literature on this group. The Sessili- 
ventres and Parasitica have been largely listed in Genera Insectorum and 
the [chneumonide and Braconide are being monographed in the Fauna 
of India shortly. The 7T'ubulifera and Aculeata are already monographed 
in the Fauna of India but the student will finda large number of species 
since described by Cameron, Nurse and others. 


It is at present useless to attempt to grapple with the Parasitica, 
and our account below must, in the absence of the Fauna volume, be 
meagre in the extreme. Collections in this group are badly wanted and 
there is here a very large field for collecting and research, specially in 
tropical India. In the Aculeata, the pioneer work of listing and describ- 
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ing species is largely done, though new species still appear, and the next 
step is to study the habits and life-histories. The student will note 
that we follow the order and nomenclature of Bingham’s Fauna of 
India, rather than that of continental authors as is done by Nurse and 
Cameron, and as may be most easily seen in Genera Insectorum. 


HYMENOPTERA SESSILIVENTRES. 
Stricip#.—(including Oryssid@). 


A small family distinct from other families by the characters of 
the thorax and venation, as well as by the larval habits. The larve 
are borers in wood, and have three pairs of stumpy legs on the 
thorax, a process at the end of the abdomen. The imagines are con- 
spicuous insects, large and brightly coloured, the female with sharp 
ovipositor. They are wholly forest insects and confined in India to 
hilly forest tracts. The recorded Indian species include Xiphydria 
(3 spp.), Serex (1 sp.), Paururus (1 sp.), and Tremex (3 spp.). None are 
likely to be found in tropical India. 


TENTHREDINIDH.—Sawflies. 


The pronotum small ; two spurs to the tibia. The female with a saw, 
usually concealed. The larva leaf-eating, caterpillar-like, 
with more than five pairs of sucker feet. 


The sawflies are easily recognizable from other Hymenoptera, the 
abdomen being broadly united with the thorax, the pronotum small and 
visible principally at the sides, the female without an exserted ovipositor 
and the anterior tarsi with two spurs. They are moderate-sized insects, 
of bright colours, the common plains species less than one-third of an 
inch long. The head is distinct, with short antenne, simple and com- 
pound eyes and the usual biting mouthparts. The thorax and abdomen 
are robust, the wings short and often smoky or coloured. The most 


atriking Structure is the female Ovipositor or ‘‘ saw,’’ with which she cuts 
leaves in which to lay hereggs. This 


and requires to be dissected out, 
The life-history is. ; Hee 
Pick 1a nom ‘8, n general features, similar to that of the Lepi- 
optera. The larva is a catern; ; 
Pp “rva Is a caterpillar-like creature with three pairs of 


thoracic legs and fr six 
6 om Six to eight pairs of prolegs without hooks on the 


is concealed except when in use 
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ing species is largely done, though new species gin appear, and a a 
step is to study the habits and life-histories. rhe Meets ab note 
that we follow the order and nomenclature of Bingham’s Fauna of 
India, rather than that of continental authors as 1s done by Nurse and 


ey ha ; 
Cameron, and as may be most easily seen in Genera Insectorum. 


HYMENOPTERA SESSILIVENTRES 
Srricip#.—(including Oryssid@). 

A small family distinct from other families by the characters of 
the thorax and venation, as welias by the larval habits. The larve 
are borers in wood, and have three pairs of stumpy legs on the 
thorax, a process at the end of the abdomen. The imagines are con- 
spicuous insects, large and brightly coloured, the female with sharp 
ovipositor. They are wholly forest insects and confined in India to 
hilly forest tracts. The recorded Indian species include Xiphydria 
(3 spp.), Serer (1 sp.), Paururus (1 sp.), and Tremezx (3 spp.). None are 
likely to be found in tropical India. 


‘TENTHREDINID&.—Sawflies. 


The pronotum small ; two spurs to the tibia. The female with a saw, 
usually concealed. The larva leaf-eating, caterpillar-like, 
with more than five pairs of sucker feet. 


The sawflies are easily recognizable from other Hymenoptera, the 
abdomen being broadly united with the thorax, the pronotum small and 
visible principally at the sides, the female without an exserted Ovipositor 
and the anterior tarsi with two spurs. They are moderate-sized insects, 
of bright colours, the common plains species less than one-third of an 
inch long. The head is distinct, with short antenne, simple and com- 
pound eyes and the usual biting mouthparts. The thorax and abdomen 
are robust, the wings short and often smoky or coloured. The most 


striking structure is the female ovipositor or ‘‘ saw,’’ with which she cuts 
leaves in which to lay her eggs. 


and requires to be dissected out. 
The life-history 
doptera. 


This is concealed except when in use 


18, in general features, similar to that of the Lepi- 
The larva is a caterpillar-like creature with three pairs of 


horacic legs and from gj vie 
t gs and from six to eight pairs of prolegs without hooks on the 


. Zong larvays. 
* x - "yy . 2. “Half-grown larva. 
» 3. Full-grown larva. | 
» 4. Larva feeding on, mustard Jest wae 
ae 5 ee dorsal aspect, 
| apa, ventral aspect, 
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abdominalsegments. This character at once distinguishes it as no Lepi- 
dopterous larva has more than five pairs of prolegs. The larva lives 
openly, feeding on leaves; in some the hind end of the abdomen is more 
flexible and tapering, and is twisted round ina characteristic manner to 
give support to the insect. The larva of Athalia proxima, Klug., the 
commonest plains species, feeds on mustard and Crucifere generally ; 
its life-history is described elsewhere (Mem. Agric. Dept., India, 
Kntom. I, No.6). It is undoubtedly an immigrant from the hills 
which has adapted itself to life in tropical India by a prolonged period 
of rest during the hot months. The pupa is concealed in a cocoon 
between leaves or in the ground. Itis recorded that parthenogenesis 
occurs in this family; this does not appear to be the case with A. 
proxima, where both sexes occur and coupling takes place normally. 


The family is a large one with over 2,400 species described of which 
90 are known from India, being mainly species collected in Assam, Bur- 
ma and Simla. The hill fauna is very much larger than that of the 
plains but the large number described is partly due to the fact that this 
group has been collected there and has not been worked at in the plains. 
Cameron has described the majority of the species within the last 
ten years. Only two species are known from the plains of which Atha- 
lia proxima, Klug., alone has been reared. (Plate IX.) The most 
recent catalogue is that of Konow in Genera Insectorum. 


HYMENOPTERA PARASITICA. 

From practically every herbivorous insect, as from many others, 
we rear parasites belonging to this group. From a single species we may 
get one or more egg parasites, and one or more larval parasites; we find 
also that these parasites have their parasites (called hyperparasites as 
they are parasites on parasites). Thus from one species we may rear 
several species of parasitic hymenoptera. It will be seen that this group 
is one of vast extent and number; it is also one whose study has not at- 
tracted sufficient attention; Indian forms have been described (in a great 
variety of somewhat inaccessible publications) by Cameron and others 
from specimens collected in the hills; we have reared abundant species 
which will require much time for identification and we are thus in a posi- 
tion of having a great mass of material which has not been worked at 


and we cannot attempt to give any satisfactory account of this great 
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group. Inno branch of entomology is study so much required and no 
branch is likely to give results of greater econonup value. Parasitic 
Hymenoptera are the greatest checks on insect increase and. their work 
is of the utmost importance ; this has been recognised elsewhere and the 
study of Parasitic Hymenoptera should advance when more encourage- 
ment is given to Entomology generally. As it 1s we are unable 10 do 
anything to assist these insects save In very special cases ; when it was 
learnt that the parasites of the Indian bollworm had been destroyed by 
cold, and these were reintroduced from places not affected by the coid, 
the first step to the utilisation of parasitic insects was taken in India: 
but this was a special case and until we know our parasites, we cannot 
expect to be able to make progress in this branch of entomology. 


CyniprIpa.—Gall-wasps. 


Small to minute insects, the forewing with no stigma and not more than 
five closed cells, the hindwing with two or three nervures ; the antenne 
are straight with less than 16 joints. The pronotum reaches the 
insertion. of the forewings. | 


Whilst the habits of the family are of great interest, almost none 
are described from our region and the habits of these are unknown. One 
species (Onychia striolata, Cam.) from Bengal will, if it shares the habits 
of the rest of the genus, be a parasite on a Dipterous insect. Others are 
known to inhabit galls. Cameron has described Callirhytis semicarpi- 
foe as being reared from an acorn (Quercus semicarpifolia) collected 
in the North-West Himalayas. (Entomologist, 1902, 38.) 


In general, the Cynipide@ are either (1) inhabitants of galls or other 
portions of plant tissues, (2) guests of the above gall-inhabiting species 
or (3) parasites on other insects. Taking first the gall-insect, it may be 
remembered that many other insects make galls and that not every gall 
is due to the work of the Cynipid ; also that a gall may contain the Cyni- 
ped that caused it or either guests or parasites. A number of very simi- 
lar insects may therefore be reared from the same galls and it is no easy 
matter to sort them out. Itis very much to be desired that the study of 
galls may be taken up in India, and with it, the study of the relations 
of the insects inhabiting such galls. Galls abound even in the plains and 
those on the mango tree alone will give ample scope for investigation. 


Having cleared them up, the study of galls on other trees in the niainn 
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and then in the forests and hills may be expected to produce much that 
is new and second in interest to no other branch of insect bionomics. 

An excellent account of some of the features of this group ls contain- 
ed in Sharp’s Insects. The student is referred to this, and it is needless 
to here reproduce a similar general account of a group of which almost 
nothing is known in India. 


GALLS. 


There are a number of insects, which live in the tissues of plants 
and whose activities produce an alteration of the structure of 
the plant, an unusual growth of tissue taking place, leading to the 
formation of a ‘‘gall.’’ Such galls are easily recognisable as quite 
distinct bodies, associated always with a particular insect and for each 
species of inhabitant assuming a peculiar form. 


Obviously this is a clearly distinct form of injury to the plant from 
that caused by an ordinary boring or leaf-eating insect, in which there is 
no growth of tissue except in so far as to heal the wound caused, and 
where the damage done is limited to the effect produced solely by the 
destruction of so much tissue. | 


As a rule, the connected insect is in the gall, not necessarily in the 
fully developed gall but in it at some stage of its growth; put very broad- 
ly, the parent or the actual insect stimulates the tissues to an abnormal 
growth in which the gall insect lives; the precise nature of this stimulus 
is not known for any of our galls but may be either poison or some agent 
introduced by the parent when laying eggs, or it may be a chemical or 
mechanical stimulus produced by the larval gall-insect inside the tissues. 
The growth of a gall does not always terminate with the emergence of 
the inhabiting insect and in some instances very large woody structures 
are produced on trees after the original gall-insect has emerged. 


Elsewhere, the Cynipidee are the especial gall-insects either inhabit- 
ing the gall by right or as inquilines (guests). The larvee of Nematus are 
said to form galls and insects of this family (Tenthredimde ), will possibly 
be found as gall inhabitants in India also. The Fig Insects of the family 
Chalcide are probably gall producers, living in special gall flowers in the 
fig. An abnormal Buprestid (Ethon) is known to live In a gall 
and some of the Curculionidae also produce galls. Among Lepidoptera, 
a few Tineide are known, and the transition from a boring larva to one 
that causes gall-formations is not a very wide one. Cecidomyvids are 
well known among the Diptera and are found in India behaving in 
this manner. Thrips (T’hysanoptera) causes galls, as also do the thi ee 
groups of Homoptera, the Psyllida, Apride and Coceida ; Psyllds are 
k in galls in India but do not appear to have been studied. 


known to live 1 ) Stu 
Several have been reared from galls on leaves in India and it would 
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appear that they are the commonest gall-insects. In Australia, a special 
division of Coccida (Brachyscelids) are inhabitants of galls. In India 
Dactylopius nipe Mask. produces what is practically a gall, a swelling 
and distortion of the tissues of the plant, due to the presence of the 
insect; these are found on some varieties of cotton, on Hibiscus and 
on mulberry. We have indicated these families as being those in which 
eall-insects are known and in which they may be expected also in this 
country. Galls are not easy to rear in “‘captivity,’’ since the removal 
of the gall from the growing plant interferes with nutrition, and moulds 
area great trouble; gall-insects are also not quick in development and 
it is probable that success will be obtained only by breeding on the plant 
or by patient observation. We figure some galls as well as the insects 
causing them (see under Cecidomyiide and Psyllide below). The 
student should see Kieffer’s paper on Gall-insects of Bengal (Ann. Soc. 
Bruxelles XXIX, p. 133, 1905). 


PROCTOTRYPID &. 


Small insects, tre prothorax reaching back to the tegule, with few 
nervures in the wings, the antenna straight. 


The classification of the parasitic Hymenoptera is as yet insufficient- 
ly understood and with such vast families to deal with, it is, without 
going far more deeply into the subject than we here can, impossible 
to give characters by which to recognise any Proctotrypid. They 
are essentially small parasitic Hymenoptera, with the above general 
characters ; they differ from the Chalcide in fairly characteristic 
details, but include some insects very difficult to place if one has not a 
very thorough grasp of these families. These little insects exhibit 
great variety in structure. The ovipositor is a continuation of the 


end of the body. Many are of beautiful metallic colours, the body 
hard, like that of Chryside. 


The life 18 80 far as known, wholly parasitic, though the habits of 
not many species are known. The Indian species reared are from insect 
eggs, one from a dipterous larva and one from a beetle larva. It is 
certain that a great number will be reared when more attention is 
paid to this group. The family is a very large one with numerous sub- 
eens Judging from the number of undescribed species found or 
reared, the plains’ species of India are little known. Dalla Torre’s 
catalogue gives some five Indian species, besides a number more 


from Ceylon, b 
, but this ae 
yon, number is an extremely small part of what 


would be known were 
n were the group to be collected; a great number of 
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these as of other parasitic Hymenoptera are being found or reared 
and the family is probably an extremely important one. 


Sceho acte, Wik., and Hpyris orientalis, Cam., are recorded as well as 
Platygaster oryz@, Cam., bred from the maggots of Cecidomyia oryza, 
W.M. A species of Scelio attacks the eggs of the Bombay Locust, 
Acridium succinctum, Linn. ; Hadronotus sp. and Telenomus sp. were 
reared from insect eggs and T'elenomus sp. from the eggs of Scirpo- 
phaga auriflua, Zell., a Pyralid moth. Scelio (Homalotylus) terminalis, 
Say., 1s a parasite upon the larvee of Chilomenes seamaculata, Fabr. 


THE SIZE OF INSECTS. 


We are told that on other planets, man might be very much larger 
than he is on earth on account of the less force of gravity due to the 
smaller bulk of the planet. That is, the Mammoth or some prehistoric 
reptile represents the maximum size attainable on earth simply because 
the bones requisite to support a larger animal and to bear the muscular 
strains set up in moving it could not, with the material of which bones 
are constructed, exist. Gravity and the tensile strength of the mate- 
rial used in making the skeletons of animals thus puts a limit at one 
extreme. Onthe other extreme is another limit in the size occupied 
by a sufficient aggregation of molecules to carry on the complex 
reactions of physical life, a limit which possibly admits of the existence 
of forms of life smaller than can be perceived by our present methods ; 
at any rate, there are organisms visible only under a magnification of 
thousands of diameters. 


Between these extremes lie our insects; the smallest are less than 
a millimetre in length: the largest moth has a wing span of twelve 
inches, the biggest beetle a length of over half this and the bulk of 
our insects are between three and one-tenth of an inch long and 
between five and a fifth of an inch across the expanded wings. 


Probably the essential feature in insect anatomy that has hmited 
them in size is the chitinous integument; an insect has no bones, it has 
no separate internal skeleton round which the soft tissues can be 
grouped and which can give a central support to muscles and connec- 
tive tissue; there is only an external integument, with processes 
internally, and the tissues take their attachment from this and are 
packed away inside it. There is further the delicate tracheal system, 
probably capable only of a certain amount of compression and thus 
limiting the amount of stress that can be set up by muscular ag 
Another point is that the chitinous tegument 1s not, except in ae 
adult stage, a permanent one ; it 18 shed and this puts a very definite 
limit probably upon the size to which it can be produced. 
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Other factors probably are the very great specialization insects 
display ; we may imagine a caterpillar, if omnivorous and without 
enemies, growing to the limit of the size that its chitinous oe ant 
prolegs could bear ; it might perhaps be six feet long and a foot igh, 
walking along like a vast worm and browsing happily in the pasture. 
But there are no omnivorous caterpillars (plants protect themselves 
too well with poisons and other devices), the vast number and variety 
of species are correlated with great specialisation and whether from 
the limitations of chitin, or from the difficulties of metamorphosis, 
such vast creatures do not exist. 

Possibly insects are dominant because they are small, reproduction 
can be quick and vast, an egg can contain enough food to produce an. 
active self-supporting larva; the difficulties of viviparism are avoided 
and the mother need not live over to care for her young. When the 
seasons are unfavourable, the female waits with her store of undeve- 
loped eggs till the season is favourable. Above all, where there is one 
vast animal like a cow, conspicuous and slow breeding, you may have, 
in equal bulk, a horde of scattered insects, ready to concentrate 
themselves on one point but capable, in times of stress, of diffusion 
over wide areas and in inappreciable amount. It is the case of the 
fly which eats the carcase quicker than the lion, because the concen- 
trated effort and increase of a thousand small creatures outweighs the 
efforts of the one large creature a thousand times their size. 


The insect, with the lion, endures times of starvation but of a 
thousand, perhaps, ten insects survive, whereas the one lion dying leaves 
none. So that taking lives as units, the small insect is better off and 
it may be that in the very limitations of chitin and metamorphosis has 
lain its success, since strivings after mere bulk have been vain where 
natural effort at increase, with multiplication of species and function, 
has enabled the insect to overrun and dominate the earth. 


DryInIp&. 
Female with the foreleg modified to form a pincer. 


A family of nearly 200 species of small insects, usually included in 
Proctotrypide, and distinguished by the fact that the fore tarsus is 
modified in the female to form a pincer. 


| This modification of the foreleg is connected with the habits of the 
insect ; according to Kieffer, the female seizes the nymph of the Homop. 
terous insect she attacks by means of the pincers, and lays one or two 
eggs in its abdomen ; the resulting larva develops, emerges and 
pupates outsid>, the Homopterous nymph dying. Three species only 


are known from India - aa fs : 
Riva cee India: Dryinus trifasciatus, Kieff., Prodryinus 
rifascratus, Ssoy., and Gonatopus maurus, Kieffer 
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One has been reared from the Fulgorid Pyrilla aberrans, Wlk., the 
larva living in the nymph and emerging to produce a small white cocoon 
on the leaf of the cane plant. (Fig. 86.) 


Vig. 85— ANTERIOR TARSAL JOINTS OF \ 
GONATOPUS GRACILIS. ' 
(From Kieffer.) | 
Fig. 87—DRYINUS FORMICARIUS. 
(From Kieffer.) 


Fig. 86—DRYINID PARASITE OF PYRILLA ABERRANS X 9 AND 1TS 
(OCOON ON A LEAF. * 2. 
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CHALCID. 


Small insects, the antenna elbowed, the wings with one vein, the 
protonum not reaching the tequle. 


family is most readily distinguished by the elbowed 


This very large 
Many are of characteristic form and 


antenne and single-veined wings. 
are readily recognisable as Chalcids in the field. The colours are sombre, 


though black and yellow isa frequent combination. They are nearly 
all small; though Leucospis measures nearly half an inch in length, less 
than a quarter of an inch is a more usual size and some are so small as 
to be microscopic and not really visible to the unaidedeye. The head is 
well developed, with elbowed antenne, large eyes and the usual mouth- 
parts. The thorax is compact giving great powers of flight to the tiny 
insect. The wings are hyaline with a single vein in the forewing. The 
abdomen is hard and in the female bears an ovipositor. Legsare well 
developed and the little insect walks and flies actively. The hind 
femur is frequently very much swollen, the narrow tibia fitting 
closely to it. 


[ \ 


Fic, 88 ™ id : 
&- 58-—CHALCIS cri ULE, MUCH MAGNIFIEb. 
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The details of the life history of the group as a whole are very varied 
but most are parasites in eggs, larve or pups of almost all groups of in- 
sects including the Hymenoptera ; some are hyperparasites, ¢.e., lay their 
eggs in the bodies of parasitic larvee which are already in the bodies of 
other insects; others are found in galls, as parasites ; a few are fig insects 
living in peculiar gall-like structures in the fruit of wild figs; the greater 
number are parasites purely, and though the details of their life history 
would probably be of great interest if we knew them, practically nothing 
is known and we are probably sufficiently accurate in estimating the 
family as an important one owing to its réle of general insect parasite. 


The life history of no Indian species has really been studied and the 
utmost we know in most cases is that the imagines have been reared from 
particular insects. There are abundant points of great interest in the 
lives of these tiny insects ; how do the imagines live when their host is 
not available; how do they hibernate, on what do they feed, when do 
they fly ? How does the larva manage inside the body of a caterpillar 
and how does it get its air or dispose of its excreta, or moult ? What is 
going on inside a caterpillar when there are perhaps twenty larve in it 
or as in some cases there are over 600? What are the details of the 
moults of the hyperparasites ? One could continue enumerating points 
on which practically nothing is known at all, and absolutely nothing in 
India. Dalla Torre’s catalogue enumerates about thirty species from 
our region ; Cameron has added others (Jo. Bo. Nat. Hist. Soc., XVII, 
578, etc.), a very large number have been and will be added to this, and 
it would be in no way surprising if Chalcide were found to be the 
family of which the greatest number of species occur in India. | 


The identification of these numerous forms, principally unclassified 
and undetermined, 1s possible only when one studies this family alone. 
It is then useless to do more than mention a few common species as ex- 
amples of Chalcide. The following species and their hosts are known 
in India :— 

Pentarthrum (Trichogramma) sp. is a tiny species reared from the 
eggs of Chilo simplex, Butl., the moth-borer of cane. A very high per- 
centage of the eggs of this moth are infested, and the parasite is a 
very valuable check. Tetrastichus sp. 1s reared from Chilo auricilia, 


wee res Fe srynarasite he Braconid 
Ddgn.; and is probably in itself a hyperparasite upon the Bra , 
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Apanteles chilonis. The imagines of the former ea directly She 
the pupa of the caterpillar, not sagan: an external cocoon, ) _ 
the Apanteles larve, if not parasitised, emerge as full-grown larve anc 
make white cocoons outside their host. 


Syntomosphyrum (Cirrospilus) sp. is reared from den of Chilo- 
nace sexmaculata, F., a Ladybird beetle, where 1t 18 possibly a hyper- 
parasite of Scelio (Homalotylus) termenalis, Say., which parasitises 
this beetle grub. S. eswrus, Ry., has been neared from the coreg 
aphis (Aphis gossypit, Glov.) in which it is possibly a hyperparasite 
of Trioxys sp., a Braconid parasite. Omphale sp. is a small insect 
of which 77 were reared from the grub of a Cotton Stem Borer, 
Sphenoptera gossypii, Kerr. It is probably a Begs og: on the 
true parasite of this beetle grub. Pteromalus oryz@, Cam., is a 
parasite of the grub of the rice weevil Calandra oryzae, L., and keeps 
this voracious pest in check. (I. M.N.) Aphelinus thew, Cam., is 
recorded as a parasite of the scale insect, Aspidiotus thew, Mask., on 
tea in the Kangra Valley. (I. M.N.) A species near to Sycoryctes 
phippinensis, Ashm., has been 
reared from the fruits of the pipal 
(Ficus religiosa) in India, and 
with it Gonogaster, (Idarnes) 
stabilis, Wlk., and Sycophila 
decatonioides, Wlk., which are 
parasitic upon it. 


The following species are also 
recorded as having been reared 
from the figs of Ficus indica (? 
meant for Ficus bengalensis, the 
banyan tree) :—Hupristina maso- 
m, Saund.; Sycobia bethyloides, 
Westd. : Walkerella temeraria, 
Westd. ; Sycobiella Saundersi, 


Westd. ; Sycoscapta insignis, 

Saund.;  Sycoscaptella . affinis, 

Westd. : Micranisa (Idarnes) Fig. 89—Eueristina MASONI, MALE ABOVE, 
pteromaloides, Wlk. FEMALE BELOW. 


(From Westwood.) 
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Walker also described Sycophila meqgastigmoides and, Mayr described 
Sycophaga breviventris from figs in India. The student should consult 
the original papers :—Westwood, T. E. S., 
London, 1840, Vol. II, p. 214; Westwood and 
Saunders, loc. cit., London, 1883, pp. 1, 
29, 375, 383; Westwood, loc. cit., 1882, 47: 
Mayr, Mittheilungen Zool. Stat. Neapel, 
III, 1882. 

These fig insects have been the subject 
of prolonged investigation in Europe and 
South America, and an unknown species 
which attacks Ficus roxburghii in Calcutta 
is discussed by Cunningham in an appendix 
to Volume I, of the Annals of the Botanic 
Garden, Calcutta. Cunningham finds that 
there are two crops of fruits yearly, some 
trees having receptacles containing gall 
flowers and males, others containing female 
flowers; in the gall flowers, which are 
peculiar structures, the fig insect lays its 
eggs, the larvee living in the gall and even- 
tually emerging in the winged condition. 


Fig. 90--SycoBIeLLa sauNDERSI On emergence they fly, couple, and the 
Byogsde ETA AEGON eles femalesendeavour to,lay eges.: Invsearch- 
(From Westwood.) 

ing for the gall flowers, the females enter 

the receptacles, including those containing female flowers, and 
endeavour to deposit eggs in the female flowers. As a result the 
enormous numbers of embryos in each receptacle develop, as if 
they were fertilised. The inference, naturally, is that the female 
insects carry pollen from the male flowers, but Cunningham concludes 
that this is not the case and that the female embryos develop 
parthenogenetically but only after the irritation produced by the 
attempts of the female fig insects to lay eggs in these flowers. The 
fig insect then plays the part of an irritant agent, producing effects 
equivalent to fertilisation and the fig plant produces, on gars 
the insect, special ‘‘flowers’’ in which the insect lays its eggs. The 


Ane oe ei ; a ne 
Chalcid then in this case is simply a gall insect, as the Cynipid@ a 
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Connected with these fig insects are parasites, insects very closely 
allied and which lay their eggs in the larve of the fig insects in the 
fig gall flowers ; Cunningham does not appear to have been piles of 
this fact or to have known what fig insects he was dealing with and 
this is to be regretted as his conclusions may require to be vitally 
modified. (This applies equally to the same author's chapter mM Eas 
popular but inaccurate work ‘ Pains and Hleoeuitas of Life in Bengal.’) 
Fig insects seem to be very abundant in India, and = great numipes 
of the wild figs produce large crops of them. The question has a special 
interest in view of the fact that the true fig is stated to produce the 
best figs only when its fig insect Blastophaga psenes, Low., is present ; 
for this purpose a wild fig has to be cultivated with the cultivated fig to 
yield Blastophaga; so necessary is this considered that the wild fig 
(Capri fig) has been introduced to California and South Africa with the 
Blastophaga, in order to give the figs there grown the proper conditions 
for full development, though entomologists 
are not yet agreed as to the part played 
by the insect. 

That the fruits of our common fig trees 
(the pipal, banyan, pakur, gular, &c.) are 
constantly infested with fig insects can be 
readily ascertained by examination, various 
caterpillars, weevils, flies, &c., also occurring 
in them, but the respective parts played 
by these insects, their mode of life and 
their relations to the tree are practically 
unknown and offer a very fertile field for 
inquiry. We figure from Westwood some Fig. 91—WALKERELLA TEMER- 
of the insects obtained from figs in India ; nar ee 
the problem is one of great complexity and 
interest, attention has been drawn to it more than once in the 
Indian press from the economic as 
fruit are constantly 


pect since large quantities of 
‘“ destroyed ”’ by these insects, but it is doubt- 
be devised of checking them and were it done, 
hat would be the effect upon the production of fruit. 
Podagrion minutum, Ashm., was reared from the egg mass of a man- 
tis, the female with a long OVipositor many times her in length for lay- 
z =) WV 


ful if any means can 
it is uncertain w 
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laying her eggs. Chalcis cricule, Kohl. (fig. 88) is recorded as a parasite of 
Cricula trifenestrata, Mo. a Saturniid Moth. (1. M.N.1., pl. V).C. euploe, 
Ho., is also recorded as a caterpillar parasite. The number and impor- 
tance of Chalcidea, like the other Hymenoptera Parasitica, cannot easily 
be estimated. There are probably an enormous number of species in 
India, some widespread, many probably confined to this area. To the 
systematist as to the biologist they offer a wide field of research, and it 
is to be hoped that a really thorough investigation into the economy 
of at least one species may be made, as well as an investigation into the 
identity and hosts of our common crop pest-destroying species. 


ICHNEUMONIDZ. 


Wings with two recurrent nervures and two or three cubital 
cells. Antenne not elbowed. 


This is a very large group of insects, clearly separate from Chalcid@ by 
the greater number of veins and cells, from Braconide@ by the venation. 
They are, as a rule, larger insects, the antenne not elbowed, the legs 
moderately long, the body slender. The female has an ovipositor 
which is often long and conspicuous; males are destitute of any 
ovipositor or similar organ and are generally similar to the females. 
The colours are mainly warning, black and yellow, reddish yellow and 
similar bright colours predominating. 


The Ichneumonidae are a very large family, with a great number of 
species. ‘These species are of limited distribution, confined to distinct 
| areas and the Indian forms are, so 
far as known, confined to this geo- 
graphical region. The number of 
described Indian species is over 200 
but most are from the hills and but 
few have been reared. 
Limnerium sp. has been reared 
from the larva of a Plusia. Pimpla 


punctator, L., is a common insect, 


yellow with black markings, bred 


Fi-. 92—PIMPLA PREDATOR, FABR. x 2s from several of the wild silk produ- 


cing insects (Saturniid@). P. pre- 
dator, F., was reared from Scirpophaga auriflua, Zell. (1.M. N. V., p. 178.) 
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The family is divided into five sub-families ; of the [chneumonine, 
up to 1904, 119 species had been described from India, largely from the 
Khasia hills by Cameron and others have been added since. In the 

, Aa ees ie 
Cryptine, 84 species are listed up to L908 Salmedel Tae Genera In- 
sectorum), mainly Cameron’s Khasia hill species. The same author 
lists 59 species of Pimpline (1907), including the remarkable forest spe- 
cies Rhyssa and Ephialtes, allied to Thalessa. Inthe CTT, Dalla 
Torre (1900) lists five Indian species. and in the Ophionine Szepligetti 
(1905) lists twenty-one. 

Nothing is on record as to the hosts of these species and the forms 
occurring in India generally are practically unknown. 


BRACONIDA. 


The forewings with one recurrent nervure and three or four cubital 
cells as a rule. Antenne not elbowed, abdomen not 
inserted on apex of median segment. 


These are closely alhed to the Jchnewmonide but in general distin- 
guished by the venation of the forewing. There is an extra cubital cell 
and but one recurrent nervure. The { 
colours are bright, probably generally 
warning, and aided by the bright 
colour of the forewings in some cases. ‘ 
In size they vary from small to | 
moderate-sized insects with a wing 
span of over one inch. The head is 
large, distinct, with moderately long 
antenne, which are probably very 
delicate sense organs. The thorax is 
compact, bearing the moderately 
large wings ; the abdomen is long : . 
and slender. The general form varies | 
very greatly, probably in relation to 


the stinging habits of the female, and 
some are greatly elong 


ate or otherwise 

bizarre in appearance. The female | 

has an oOvipositor which may extend 

» , . yo Q: —-Br , s i iV 

length: the males Mambiroer ae Sem 
FEMALE. x 2. 


to a considerable 
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are closely similar to the females in general appearance, but without 


ovipositor, 


The hite history is, so far as known, parasitic, the larve living at the 


expense of other insects, usually Lepidoptera. 


Fig. 9{—PUPA CASES OF A BRACONID, 
SUSPENDED FROM A LEAF. 


In spite of the multipli- 
city of species and their great im- 
portance, little is known of the life 
history of these insects beyond the 
fact of their parasitism. As in other 
parasitic insects, there are points 
about the details of the larval life 


_ which are shrouded in darkness and 
deserve further 


study. The re- 
marks made above as to the general 
life of these parasitic hymenoptera 


apply to this family. 


This large family has representatives in every part of the globe, 
and though the Indian species are probably little known, 57 species are 


listed as Indian by Szepligetti. 


Bracon is a large genus with nearly thirty Indian species largely 


Himalayan. 


Of these, B. nicevillez, Bingh., is parasitic on the larva 


of Scirpophaga auriflua, Zell. and other insects. This species 1s so named 


in honour of Mr. L. de Niceville who 
seum Notes, Vol. V, No. 3, p. 177.) 
It isa large insect, the wings crange 
and black (fig. 3), very conspicu- 
ous, anda valuable check upon 
this pest. The female has a long 
ovipositor with which to penetrate 
Little 


is known of other species, which 


the cane and reach the larva. 


have been principally collected in 
the hills. A of 


species have been reared and the 


number plains 
more important of these are the 
following :—Aphidius avene, Hal., 


is parasitic upon the wheat aphis 


first reared itin Behar. (Indian Mu- 


95—MICRODUS FKUMIPENNIS. 
FE: Mis No] 


Pig, 
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(Macrosiphum granarium, Kby), Trioxys sp. has been reared from the 
Lae 

cotton aphis (Aphis gossypr, Glov.). 7 

: ‘ecor s ites of the 
fiz. 95) and M. tuberculatus, Cam., are recorded “ parasites of : 
castor caterpillar (Trabala vishnu). (Ind. Mus. Notes, Vol. V, p. 107.) 
is from a caterpillar attacking white gourd. 


Microdus fumipennis, Cam. 


Apanteles glomeratus, |.., 


(2? Sphenarches caffer, Zell.) : 
Chilo auricilia, Ddgn., which attacks cane. A. (Urogaster) indicus 1s 


parasitic upon the cotton bud caterpillar (Phycita infusella, Meyr.) and 
A. depressaria, on Gelechia gossypiella, the pink bollworm. Apanteles 
commonly pupate in very noticeable white cocoons, openly on the plant 
near their victimor on it. (Plate XXXVI.) Rhogas Lefroyi is a 
parasite of the spotted bollworms, Harias insulana, Boisd., and Earias 
fabia, Stoll, a very important check upon this common pest. Mvcro- 
bracon leucanie is parasitic upon Nonagria uniformis, Ddgn., the 


Wheat Stem Borer. 


A, chilonis is parasitic upon the larva of 


STEPHANIID. 
Antenne many-jointed. 


A small family of less than one hundred species, of which one is 
known from India. Wroughtonia cornuta, Cam., was found in Bombay 
by R. C. Wroughton. 


EVANIIDA. 


The abdomen is petiolate, the petiole inserted on the dorsal portion 
of the median segment. Antenne filiform, of 
thirteen joints, straight. 


A small family of almost certain distinction from the position of the 
abdomen, only a very few insects outside the family sharing this charac- 
ter. Lessthan three hundred 
species are known in all, of 
which six occur in India. 

Evania is a genus of me- 
dium-sized insects, sombre in 
colour, witha very short ab- 
domen, which is very slender 
at the base (peduncle) and 
broadly truncated at the apex, Fig. 965—EVANIA SP. x 2 
The sting is short, the wing 


comparatively small, the thorax robust. 


TRIGONALIDAS. 18] 


‘lo any one who has seen these active insects flying about, the genus 
will for ever be at once distinct. The imago enters houses and other 
buildings in search of cockroaches (Blattid@) in whose egg capsules 
the female deposits her eggs and is one of the few flying insects one 
perceives on board ship. The larve destroy the eggs and one species 
has been very widely distributed over the globe where th2 household 
cockroaches are to be found. Evania appendigaster, L., is the Europ- 
ean species found now in all but the coldest parts of all continents. 
EL. antennalis, Westw., is described from Bombay and £. albitarsis, 
Cam., as well as LH. curvicarinata, Cam., are Indian. 


Gasteruption is a genus containing a large part of the species of the 
family and includes G. orientale, Cam., described from Bengal, and @. 
mandibulare, Cam., of whose habits apparently nothing is on record. It 
is likely to share the habits of the known species, and prove to be a 
parasite on Aculeate Hymenoptera. 

Aulacus bituberculatus appears to be the sole other recorded species. 
Other species are known in Ceylon and it is probable that these with 
others will be found also in India. + 


TRIGONALIDA. 


Abdomen ovate, five-jointed, not petiolate. Trochanters not fully 
divided. Both wings with a complex venation. 


Asmall family of insects 
of which little is known. 
Schulz has recently listed 
the species (Genera Insec- 
torum, 1907), one out of 
forty-two being doubtfully 
Indian. The known spe- 
cles are parasites on Ves- 
pide and hyper parasites 
on Diptera; no pupal 
cocoon is made. Pseu- 
dogonalos Harmandi, Sch. 


(fig. 97) occurs in Dar- 


jeeling, Poecilogonalos 


pulchella, Westd., in 


Fig. 97-—PSEUDOGONALOS HARKMANDI. 
(From Schulz.) 
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= 2 , ? 
‘a, Magr., in Burma and Lyco- 
Ceylon and Burma, [schnogonalos dubia, Maer., 1 at 


yaster rufiventris, Magr., in Burmé 


TUBULIFERA. 


Cuckoo Wasps. 


CHRYSIDA. 
5 orang ; y v7 10 ay te s ! / +) ree. 
Trochanters one-jointed. Visible abdominal segments usually tha 


Pd eon ee asily recognised by the extremely hard, densely 
This family is most easily recognised by y 


» bri tallic green or blue-green 
punctured integument and the bright metalhe green g 


Fig, 98—STILBUM CYANULUM. 
Ap peae Ye Dal 


colouring. They are small insects, with rather small dusky wings. 
The head is of moderate size with large eyes and ocelli; the antenne 
are short, consisting of a longer basal segment (Scape) and a number 
of short joints (flagellum). The 
thorax is large and well developed, 
the abdomen distinct, with usually 
three visible segments, the re- 


mainder concealed. The female 
has a long retractile Ovipositor. 
The bodiiy structure is hard, 
designed to enable the insect to 
curl into a ball (fig. 9). So far as 


1 5 ‘4° ea, 99Y—Sp ry WA NIT TIAT TO Te 
is known, all are parasitic upon lig. 99—STILBUM CYANURUM: CURLED 


fF INTO A BALL. [F. M. H.] 
Aculeate Hymenoptera and a 
number have been reared from different species. In the greater number 
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the host is not known and we are not aware that any Indian species 
has been carefully studied. The known hosts are tabulated here :— 


Bembex sp. parasitised by Hedychrum timidum, Dohl. 
Odynerus bipustulatus ty FA Hedychrum flammulatum, Sm. 
Megachile fraterna. 
- monticola = . Stilbum cyanurum, Forst. 
Eumenes petiolata | 
a conica 
Humenes conica ( is * Chrysis fuscipennis, Br. (see 
a petiolata Jo. Bo. Nat. Hist. Soc. XII, 7 
sy flavopicta p. 585). 
Odynerus multipictus - S Chrysis angustata, Mocs. 
Sceliphron intrudens - ,,  Chrysis durga, Bingh. 


Eumenes dimidiatipennis _,, & Stilbum cyanurum, Forst. 


(vide S. splendidum, Cretin, in 
Jo. Bo: Nat. Hist. Soc. XIV, 


p. 823). 
Pelopeus, sp. e ~ Stilbum cyanurum, Forst. 
Eumenes conica rr 4, Chrysis orientalis, Guer (Pusa). 
| ri) < 22 ‘ 19 99 
Sceliphron coromandelicum _,, », J Chrysis fuscipennis, Br. (Pusa). 
,  madraspatanum, ¥. ,, = 1 aia rugosum, Sm. 
(Smith). 
hilineatum, Sm. aS Chrysis (7) pubescens, Sm. 
(Smith A. M. N. H. (2) IX, 
p. 45). 


Bingham describes four sub-families : 

Cleptine. Not known to be Indian. 

Ellampine includes Ellampus, Holopyga, Hedychridium, 

Hedychrum. 

Chrysidine includes Chrysogona, Stilbum, Chrysis, Buchroeus. 

Parnopine includes Parnopes. 

The identification of these genera and species can be found in the 
Fauna volume. Hedychrum flammulatum, Sm., is the only widespread 


~ i’ 1G = 4 1¢ ; » +e , 1 , y 
species of its genus. Stilbum cyanurum, Forst., is said to be practically 


P . Tt P 7 a 1 1 > / a % yay 
worldwide and is, in the plains, universal. The species of Chrysis are 
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so far as known, mainly local but their superficial resemblance pro- 
bably has led to the belief that they are all common and not worth 
observing or collecting. C. juscipennis, Br., C. lusca, Fabr., C. orien- 
talis, Guer., and C. oculata, Fabr., are widespread and common, likely 


to be found anywhere. 


Collecting. Cuckoo-wasps are common in houses and in the open ; 
they require to be caught with a net and may be killed with Cyanide 
or a B.C. bottle. Far more wanted than collecting is observation 
of their hosts and habits and rearing from nests of Aculeates. The 
part they play in the complicated relations of our insect fauna is 
not at present measurable and a far closer knowledge of them is 
required. They are common at nearly all times and as many infest 
the Aculeates that build in and around houses, are easy of observation. 
A really close study of one species would well repay the labour and 
time. 


ACULEATA. 


Our knowledge of this group is due largely to Wroughton, who 
worked in the Konkan, Rothney who worked for 14 years in Barrack- 
pore and Bingham who worked for many years in Burma. The last 
has listed the species known up to 1896 in the Fauna of India, and there 
have been abundant papers since then adding new species. With the 
latter we are not concerned ; Cameron has described hundreds of new 
Species in a variety of publications. G.C. Nurse has added others and 
1t will be long before all are described. Rothney’s paper (Trans. Ent. 
Soc., London, 1903, p. 93) adds to our information and Horme’s paper 
in Trans. Zool. Soc. VII, p. 168 (1870), must be consulted. 


The most striking point about the Aculeates is the fact that the 
whole business of life is conducted by the imago ; the larva is practically 
helpless and if not actually fed by the imago is at least provided with 
an ample supply of carefully gathered food which simply has to be 
devoured. Without careful search we never see the larva of an Aculeate 
and the Imago alone is active. This specialisation in life history is 
associated with extraordinary specialisation in habits and consequently 
In sttucture; the activities of these insects excite the admiration of all 
who observe them and their extremely varied ingenuity is unparalleled 
m any other insect group ; for this reason, they are placed at the head 
oF insects in mental activity and intelligence and they are unquestion- 
ably very far removed from any of the primitive types. of insect life. 
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At the same time it must not be thought that their activities show 
any mentality comparable to that of man; even ants are unreasoning 
and these insects are endowed with extremely complex and beautiful 
instincts, of so remarkable a kind that many naturalists see in these 
insects a powerful argument against the doctrine that such instincts, 
as all insect activities, are the result simply of natural selection and 
adaptation. 


From man’s point of view these instincts are in a sense admirable 
and are yet inferior since they are mere blind instincts which cannot 
vary and which involve no reasoning faculty. A dog has more reason- 
ing power and a higher order of mentality than the highest insect ; the 
absolute stupidity of the ant but the wonderful nature of its ins- 
tincts is a curious contrast. 


Mutittipa.—Velvet Ants. 


Male. Pronotum reaching the tegula. A constriction between the first and 
second abdominal segments. Middle coxe contiguous. 
Female. Wingless, ant-like without abdominal nodes. 


The wingless females are very readily recognised by their ant- 
like appearance and bright colours, there being no nodes on the 


Fig. 100.—MUTILLA SEXMACULATA, MALE. 


abdomen as in Formicide. The males are usually recognisable % 
they have a characteristic appearance and colouring, but the above 
characters must be verified in case of doubt. The wingless females are 


small insects from an eighth to a quarter of an inch in length ; the 
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° - 2 K 7 7 a UY 90 ‘ePCO- 
colours are always warning, striking and vivid, retl Aeiaiaee pred 


The 
et . ots or bands on the abdomen. 
minating with white and golden spo 


males are larger, up to half an inch in length, coloured in black and 
y , a ined 

red, the wings usually smoky, : 
colouring is less conspicuous than that of the females and is perhaps a 
vy) tn) 


my 
the abdomen commonly red. The 


milder form of warning colouration. - 


The family practically consists of one genus, Mutilla. There 1S, 
however, the peculiar insect A pterogyna mutilloides, Sm., a species likely 
to puzzle any but a close student of this 
group. This insect has, in both sexes, a 
constriction between both the first and 
second, and the second and third seg- 
ments; the winged male has a peculiar 
upturned spine at the apex of the ab- 
domen and the venation of the wings is 
much reduced not extending to the 
outer margin. The insect is not com- 
mon but is striking and deserves men- 


tion. It is one of the few insects found Wis. 102 Maa 

in the sandy wastes of some parts of FEMALE, 

North India and is also known from 

Barrackpore. Of Mutilla, some 120 species are described in the Fauna 
of India; as, however, the males of some species only are known, and 
the females of some, and as these could probably be paired off if we 
knew more, the number of species may be exaggerated. The discri- 
mination of these species is by the colour markings, which are 


extremely constant, and the student should consult the key in the 
Fauna of India volume. 


Mutilla.—Is one of the insects far more common and well repre- 
sented in the hot plains than in the hills. 
found everywhere in moist as in v 
distribution assigned to so many 
in so few places have they been ¢ 
collected many species have | 
the insect fauna of our fiel 
ing of Mutillids. 


The active females are to be 
ery dry surroundings; the limited 
Species is due s:mply to the fact that 
ollected, though where they have been 
been found. Anyone who observes closely 


ds is sure, sooner or later, to witness the mat- 


It varies in detail with the species ; those seen by the 
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author have been tolerably similar. The male is a powerful insect with 
long legs and strong wings ; he finds the female, seizes her by the pro- 
thorax and flies off; on some convenient spot, he mates with her, clasp- 
ing her firmly to him by his forelegs and standing erect on his others; 
she is perfectly helpless and isapparently firmly held throughout. The 
first time | was privileged to see this, | was much struck as in the fre- 
quent intervals the male shook the female with a twisting motion as 
we should shake a bottle whose contents we desired to mix well; this 
extraordinary performance is worth seeing, but occurs, so far as | 
know, not in all species, as in the majority I have seen the procedure 
was straightforward and not accompanied by this peculiar rite; un- 
fortunately 1 was so interested that when I sought to capture them 
and determine the species they escaped. 

It is impossible to discuss individual Mutillids in this place and the 
student will find full descriptions in the Fauna of India. The four 
commonest species are perhaps WM. dimidiata, Lep. M. interrupta, Oliv. 
M. analis, Lep. and M. sexmaculata, Swed, but very little is known as to 
the geographical distribution in India of the majority of the species. 
All are parasitic upon Aculeate Hymenoptera, but few have been 
actually bred from their hosts, 

M. regia, Sm. (fig. 101) was found in the nest of Humenes conica 
and was also reared from the pupa of this wasp. G. C. Nurse also 
reared this species from the nests of Humenes esuriens (Jo. Bom. Nat. 
Hist. Soc. XIV, p. 271). Mudtilla discreta, Cam. has been reared from 
Crabro orientalis, Cam. in Pusa and M. poonaensis, Cam. from the nest 
of an Humenes in the same place. (Plate XIII, figs. I, 2.) 

Collecting.—Mutillids are easy to collect, the females on the ground, 
the males in a net. The females should not be handled with the bare 
fingers as the sting is distinctly painful. HEvery mutillid seen ‘* in 
cop” should be collected since this is the easiest way in which to match 
the sexes. A great deal of observation and rearing is required before 
we can estimate the importance of the group since their hosts are un- 
known and every opportunity of determining what their hosts are, 


should be taken. 
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SEX. 


The Mutillide offer a striking example of that difference in 
structure connected with sex which is found in some form or another 
throughout the insect world. It is at first sight a striking thing to find 
that throughout a whole family, the female is wingless, but there are SO 
many other striking differences that we may here draw the attention of 
the student to some salient points in this matter. 


We may omit here all reference to structures such as ovaries, clas- 
pers, ovipositors, etc., connected with the primary needs of mating and 
egg-laying ; these must obviously be present in every mature sexual 
form and on their examination must ultimately depend the determi- 
nation of sex. Apart from these structures, which are not always rea- 
dily discernible without dissection, there are a number of other differ- 
ences less immediately connected with the actual sexual functions and 
which are often more readily discernible. We may at once notice the 
wingless females, so marked a feature in Mutillide. We are probably 
correct in saying that in this family the female has lost her wings since 
she does not require them in her search for the nests of her hosts but that 
the male retains them simply to aid him in his search for the female. 
The same is true of other forms, where the loss of wings appears to be 
an advantage but one which cannot be shared by the male as on him 
falls the work of seeking out his mate. Among Lepidoptera, the Psy- 
chide are an excellent example and a few Lymantriid@ exhibit the same 
phenomenon. All male Coccide are winged, all females wingless ; many 
Phasmde have wingless females, while some of the species of the Re- 
duvid genus Physorhynchus are winged only in the male, though some 
other species of the genus are wingless in both sexes, the wings however 
more completely absent in the female than in the male, as if the former 
had lost them first. In the Lampyride division of Malacodermida, 
Wingless females are not uncommon and in some genera the females are 
practically unknown, only the males being found as winged beetles. 


Uzel mentions the exact reverse of this in Thysanoptera, where 
we find a wingless species in which some females become winged to dis- 
seminate the species. This reminds one of the Aphide, where after a 
colony of wingless females is formed, winged females es found awhaeh 


ee. and start new colonies, though this last case is not connected 
rith sex. 


_ The next notable point in sex is size ; here we have two groups, one 
in which the male is larger and the difference in size is connected with 
his functions ; the other in which the female is larger apparently because 
he her ne the more arduous task of providing for the offspring or 
see re 4 — of eggs to be produced and carried necessitates 

g y. Marge males at once suggest the Lucanide (Stag beetles) 
and the Dynastide, the great. size being connected with the hypertro- 
phied mandibles or horns on the prothorax and head. Why these beetles 
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should bear these large horns and have so massive a development is 
a question no one appears to have satisfactorily answered and we should 
like to see a careful inquiry made into the relative numbers of the 
sexes of these beetles either in one locality or in the offspring of definite 
parents. In these forms there is usually great variation in the actual 
amount of development of the horns or mandibles and in some species 
there are distinct types, known as teleodont (long mandibled) priodont 
(short mandibled) and mesodont (intermediate) in the one species. The 
large males of the Mutillide are accounted for (wrongly perhaps) when 
we consider that not only must they fly and be active, but that they 
usually seize and carry off the females and that further the eggs in this 
group are not bulky or abundant. Small males offer no apparent diffi- 
culty since it seems natural as we have said above. Marked difference 
occurs notably in Phasmide, in the social insects such as bees and ter- 
mites, in many moths, some beetles, and in some Acridiidw ; it is 
probably correct to say that some preponderance in the female is 
the general] rule in insects, but it is more marked for instance in 
Atractomorpha and some allied Pyrgomorphides than in most Acridiide, 
and the groups we mention will furnish conspicuous examples to the 
student. It is curious that this is less marked in Rhynchota and one is 
inclined to associate such sex differentiations with the more specialised 
and highly developed groups. 


An interesting sex modification is that in which the female has more 
developed mouthparts than the male, as in the Culicide and blood- 
sucking Chironomide. In these forms the female alone can suck blood. 
It is possible that this really occurs more frequently than is recorded ; 
there is, for instance, a marked difference in the size of the mouthparts 
of some Pyralids (Lamoria, etc.). Another and a fundamental differ- 
ence that scarcely needs mention is the naturally longer life that 
the females enjoy ; in a very great number of cases, the completion of 
the male’s functions determines his death and this must precede the 
death of the female which has often to wait for a considerable time 
before she can successfully deposit her eggs. This is very marked for 
instance, in some species in which the female waits long periods as in 
the mango weevil (Cryptorhynchus gravis F.), where the males die in 
August, the females living until next March to lay eggs. We believe 
this occurs in a very large number of forms and it is a factor that must 
be taken into account in estimating the relative proportions of each sex 
found. It would be interesting to know, for instance, how far this 
occurs in long-lived imagines such as butterflies ; do the males die early 
or do they wait until the females can lay eggs before mating ? 


We come then to a vast number of small modifications in one sex 
which are less directly connected with sex in the sense that they are con- 
nected only with courtship and the preliminaries to mating. The lumi- 
nosity of some insects may be cited, the European glow-worm being an 
example of a female wingless beetle which is luminous possibly as a guide 
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to the winged male. Our luminous beetles are so in both sexes and in 
the larvae, so that this luminescence may not be connected with sex. A 
better example are the singing insects, 1n which the males sing, the 
females are silent. We have briefly discussed this elsewhere (under 
(“cadida@) and it 1s not certain that song 1s really connected with sex, 
though it is likely to be so. Ina great number of male moths and butter- 
flies, scent production from special hair tufts 1s a feature of the males 
alone and the frequency with which this occurs points to its being an 
important factor in successful mating. The variety of situations in 
which these tufts occurs, their diverse form and size are marked features, 
for instance, in our Noctuide and Pyralidx, while the male pouch and 
sexmarks of butterflies are simply scent producing organs. 


Haase discusses this point (Zool, Anzeiger, XI, 1888, No. 287). 
Plateau remarks that in Lepidoptera, scent organs exist for three pur- 
poses; in Danais and Huplwa, they are defensive, the scent being unplea- 
sant and derived from a caustic fluid ; in some Lepidoptera, notably 
Bombycidse and Saturniide, the scent is diffused by the female to 
attract the male, the latter having very sensitive organs of smell ; in 
many butterflies the males emit a “ seductive ’’ scent, that has in some 
cases been compared to vanilla, and which is employed only in court- 
ship. It is the last which Haase discusses ; he states that scent organs 
occur in one of the following positions : 


Wings.—On the whole upper surface of both wings. (Prerida). 
In tufts on the upper surface of both wings (some Satyrides). In a 
costal fold of the forewing (some Hesperiid@). On the upper surface 
of the disc of the forewing (Cynthia, Atella, Argynnis, etc., and some 
Hespervide). On the lower surface of the disc of the forewing (Lu- 
rema, ete.). On the folded costal edge of the hindwing (Patula). 
On the upper surface of the hindwing (Pierids. Danais, Morphides, 
Satyrides, etc.). 


On the anal area of the hindwing above (Papilionides, Ornithop- 
fera, Pompeus, etc.), or below (Morphides) 


/ 


: On the lower surface of the hindwing (Plecoptera in Noctuide). 

Hy the part of the two wings which rub together when in motion (Catop- 
st ia, Kuplea, Ergolis, Morphides, Mycalesis, Lycenides, some Hes pe- 
rides and some Heterocera) 


fk D4 63 f A eg be s . . 
Cae aide and abdomen.—Many Sphingids, Agaristids and some Noc- 
/ SS) lave Sce ; ro ‘ ed 10 . 
Peace ak ane fa ee Ue the first atdominal segment. In some 
. ) anaids, in Callidulids and some Noctuids, a tuft of odo- 
> Scales can be protruded from each side of the genital aperture. 


¥ ee we en) emp a Deltoid (Bertula) a tuft occurs on the palpi, 
only (Spod ae dite tcc the tibize of all the legs, on the forelegs 
evs sae era), on the middle tibiz (many Noctuid@), on the hind 
tibie (some Hesperiidae, Hepialide, Hyblea and many Geometrid@) 
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The student of Pyralide will find that he must study the male 
secondary sexual characters very carefully in distinguishing species 
and that they occur with great frequency in a very marked form. One 
of the commonest male characters, is a greater apparent development in 
the antenn and this is shown in most moths, the female having often 
simple antennse while the male has them ciliate, pectinate, fasciculate 
or modified in some way. Were more known of the actual habits of 
moths, we might be able to say whether these modifications gave the 
maie a greater chance of finding the female, for instance, by giving the 
antenna a more delicate or special sense. At present nothing is known 
and there is no real information as to how insects find each other. This 
development of the antenne is a feature also of Culicide, with a more 
astonishing difference in the relative development of the palps, those 
of the males being very much larger. There is also a surprising devel- 
opment of the antenne in the malé Lampyride in species in which the 
luminescence is little developed. 


We cannot leave this subject without briefly touching the problem 
that every student finds of determining the sex of an insect. It is ex- 
tremely irritating to find, for instance, characters given for the males 
only, while one has not enough of a species to have both sexes and one 
does not know, without dissection, what is the sex of the specimen one 
has. To deal adequately with this subject would require very many 
pages and a separate treatise. In some families sex-distinction is easy, 
as in Locustide, Gryllide, Acridude, many Parasitic Hymenoptera, and 
those groups which have a distinct ovipositor. In others there is no 
such obvious distinction, and in some families dissection is actually ne- 
cessary. This is the case, for instance, in the bulk of the Rhynchota, 
Heteroptera ; Distant is discreetly silent in the Fauna of India on this 
point except where such obvious differences occur as in Physorhynchus. 
In some species, the possession of claspers points to the males (Lepto- 
corisa), the larger bodies and distended abdomen of the female some- 
times marks the female (Dysdercus, etc.). Coupling unfortunately 
affords no evidence as these forms couple in opposition. (Coupling is 
by opposition in Lepidoptera and Hemiptera, by superposition in Coleop- 
tera, Orthoptera, Diptera and Hymenoptera). Coleoptera is another 
order in which there is no one characteristic of the male. There are 
abundant small characters in different families, but they must be 
learnt for each. In Orthoptera, the matter is simpler; in Forficulide 
the male has nine, the female seven abdominal] segments ; the genital 
styles mark the male Blattids ; the male Mantids have two more visible 
ventral segments (eight, really nine), than the female (apparently six, 
really seven). The female Phasmid has the egglaying gutter or process ; 
while the Acridiid female has two pairs of digging processes ; Locustid 
and Gryllid females have usually an ovipositor. In Rhopalocera, the 
male sex marks are usually distinguishable in the form of glandular 
hair patches -in moths, Hampson has pointed out that the frenulum 
is simple in the male, compound in the female. In Dyrptera the 
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antenne of the male are plumose in some families, the eyes are larger 
and more closely approximated on the frons in others, and there are in 
some cases very distinct claspers. In Neuroptera, it 1s necessary to 
look for male claspers, which, however, are not always present. 


THYNNIDA. 


Pronotum reaching the base of the wings, basal abdominal 
segment not constricted. Posterror legs short, 


female apterous. 


A small family containing two Indian genera and six species, none 
common. or generally to be found. The winged males have a distinct 
upturned spine at the apex of the abdomen (as does also Apterogyna) ; 
the recorded species are Methoca bicolor, Cam. (Barrackpore) ; M. orven- 
talis, Sm. (N. India); M. smithii, Magr. (Bengal, Burma); M. rugosa, 
Cam. (Ceylon); Jswara luteus, Westw. (Sind) ; [swara fasciatus, Sm. 
(Sind). Any observations on the habits of these insects will be of value 
as nothing appears to be known. (Methoca is by some authors (e.¢7.; 
André) classed with Mutillide). 


ScoLtipD&. 


Pronotum reaching the tequle. A constriction between first 
and second abdominal segments. Middle coxe 
separated. Both sexes winged. 


This family includes a number of moderate sized flying insects 
classed generally among wasps; none are very small, while some are 
amongst the largest of the Aculeates. 
The colours are usually warning toa 
greater or less degree, black with 
yellow or orange predominating. The 
head bears the antenne, which are 
larger and more slender in the males 
there are the usual three ocelli on the 
vertex ; the mandibles are large ; the | 
thorax and body is robust, heavier Fig. 102.—Erts ANNULATA, FEMALE. 


in the female and usually clothed with 
rather thick hair. 


ean The legs are short and spinose, the wings well 
developed, the venation valuable for 


S., 


the discrimination of genera. 


* fF ae oe 
. PLATE X.~Fossongs, 


Eumenes conica , nest seen from the ey 
green caterpillars and a feeding larva. 
_ Nest as seen from outside. | 
~~ Tachytes erythropoda, =. 
Astata agilis. - 
Tachysphex lestaceiceps. 
Larra sumatrana, 
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Males are smaller, more slender and usually have spines at the apex 
of the abdomen. 


Nothing appears to be on record as to the habits of this family in 
India ; as a whole they are probably parasitic upon the larve of Coleop- 
tera in the soil, especially Scarabeide ; they persistently fly over the 
soil, but none have been reared ; Froggatt (Agri. Gazette, N.S. Wales, 
1902), records Dielis formosa, Guen., as an enemy of the beetle Xylotru- 
pes australicus, Thoms., in Queensland ; the wasp burrows down to the 
grub in the soil, stings and paralyses it, lays an egg on it and goes away ; | 
the larva on hatching devours the grub and pupates there. It is 
highly probable that our species have similar habits. The wasps visit 
flowers, not to obtain pollen but to feed on nectar. 


Five genera and 87 species are recorded as Indian, of which nine 
are common in the plains. 


Liphia rufo-femorata, Sm., is a small black insect with red posterior 
femora, widespread but not very common. G.R. Dutt has ascer- 
tained that Myzine dimidiata, Guer. (known from male only), couples 
with M. Madraspatana Sm. (known from female only), and presumably 
they are one species. 


Scolia includes large insects, thickly haired; S. quadripustulata, 
Fabr. (Fig. 103), is the very common species, black with the abdomen 
A usually red on the side and sometimes 
py. across the upper surface. Hlis falls into 
two series, according as it has two or three 
cubital cells. In the former are the com- 
mon species; H. annulata, Fabr., is very 


common, the female black with white 
pubescence, the male with yellow bands 
across the abdomen; the latter are com- 


Fig. 103.—SCOLIA QUADRI- i 4 
PrrULANs, monly captured asleep in the evening or 


early morning, on grass stems or plants, and 
itisno uncommon thing to see a number settling down for the night 
on a convenient cane leaf. Hlis thoracica, Fabr., is the large black wasp 
that frequents cotton flowers, and which is, perhaps, an important 
factor in cross-fertilisation. Liacos analis, Fabr., is also common, 
black with a variable amount of red on the abdomen. 


IIL 13 
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PomPILID& (CEROPALID4). 
Pronotum reaching the insertion of the wings. Legs long. 


The Pompilids are not a large family but contain some of the most 


conspicuous of the Aculeates. There are comparatively large forms, as 
well as very small ones. The 
colouring is sometimes dis- 
tinctly warning, but not in all, 
the deep blue-black of Pom- 
pilus analis, for instance, not 
being of obvious utility. There 
are no striking structural 
features ; the males are 
smaller, the abdomen with 
one more visible abdominal 


segment. The females have 
somewhat flattened forelegs 


Fig. 104.—PSEUDAGENIA HONESTA. 


in some cases, to fit them for 
burrowing and excavating in soil. 


The habits of some Indian species are known, but there is room 
for much observation. Asa whole, these insects have the typical habits 
of Fossores, catching their prey, stinging it, laying it up in a convenient 
place for their young and depositing an egg there. Bingham states 
that ‘‘ Agenia, Pseudagenia, Paragenia and, | suspect. Macromeris too 
construct little earthen shells for nests.’’ 3 
chinks or holes or make holes. 


Others utilise available 


Macromeris violacea, Lepel., 
practically nothing is known. 
ing spiders, and G. R. Dutt ha 
under the bark of old trees, 
Pseudagenia blanda, Quer. 
throughout India. | 


is a common insect, of whose habits 
Bingham records seeing a species carry- 
8 obtained clay cells (stored with spiders) 
made of mixed mud and vegetable matter. 
> 18 a smaller metallic blue insect common 


G.-R. 
Dutt has found that P seudagenia blanda makes small earth 


cells under the bark of trees, the cells (filled with spiders), like those of 


smaller than ¢ , i 
é n another. From the larger cell the female emerges, from 
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the smaller the (hitherto undescribed) male, the latter three days ears 
her than the former. It is apparent either that the mother wasp lays 


. 105.—NEST OF SCELIPHRON COROMANDELICUM OCCUPIED BY 
PSEUDAGENIA CLYPEATA, xX 34. 


Fig 


eggs of each sex alternately or that she can contro] the sex production, 
or that the greater amount of food stored in the one case makes a female 
imago. 

We figure a large compound 
clay nest from which were reared 
P. clypeata. The nest consists 
of an old nest of Sceliphron 
coromandelicum, of which the 
cells. were occupied by the 
Pseudagema ; since the latter 
requires a smaller cell, she 
divides the cells by a_ partition 
and then utilises them ; but she 
also builds on additional cells 
round the old ones; in Fig. 105 
the large cavities in the middle 
represent old Sceliphron cells, 
(the nest seen from below) the 


smaller holes round cells added 


by  Pseudagenia. That the 


lig. 106.—MACROMERIS VIOLACEA VAR 
IRIDIPENNIS; CELL, x 1}. 


cells were originally made by 


Sceliphron is proved by the 
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occurrence of a dead one in one cell. Hymenopterous and Dipterous 
parasites attack this Pseudagenia. 


Salius includes a number of species, of which some are abundant. 


Salius flavus, Fabr., is the common yellow insect, the wings yellow with 
deep purple-black at the apex ; it has been observed to store spiders 


in the ground. Bingham remarks that some store cockroaches or 


crickets in holes in trees. 
The following notes record the observations of T. V. R. Aiyar, 
formerly Assistant at Pusa :— 


From March to July this insect is the commonest of the bigger 
species of Pompilide in Pusa. It is found very generally in open 
meadows with a pretty hard soil 
and in such parts of the meadow 
where there are often found big 
holes made in the ground. Not 
uncommonly this insect is found 
under trees where the ground 
is covered by fallen leaves and 
twigs. In these localities it is 
found very busy searching holes 
for spiders ; its active progression 
with its long limbs and_ occa- 
sional flight is:very graceful to look at. 
on visiting hole after hole. One has 
hole in half an acre in the meadow in 
hours and a half with no success ; 
flew away and perched on a distan 


Fig. 107.—PoMPILUS ANALIS. 


With great patience it goes 
been watched searching every 
the Botanical area for full two 


at last finding the search fruitless, it 
t tree, 


When, however, the Salius ig fortunate and in its search comes across 
ut of it quickly and prepares itself 
sists of a slight rest followed by the 
ront legs and of the abdomen with 
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distance away from it and then turns round. The spider which is com- 
monly a pretty big ground spider comes out of its home and stands at 
bay at the mouth of the hole. It does so with the ferocity of a wild 
beast, with its erect cephalothorax and jaws (with the poison fangs) 
wide open. It never moves away from the hole until it is overpowered, 
but simply turns round always facing the wasp. Its action is entirely 
defensive. There is seen a series of tactics and movements displayed by 
the wasp, which appears afraid of the death-dealing jaws of the arachnid 
and so approaches with great caution. It turns round and round and 
occasionally tries to jump on the spider. The spider continues defend- 
ing and for about 5 minutes the fight goes on. The fossorian, 
however, knowing the weak point of the spider, wiz., its inability 
to strike upwards, waits for an opportunity to jump on the 
spider. At last by a clever and agile jump it alights on the spider 
and takes it unawares. The moment itis on the spider, it never 
waits fora second, but applies the sting and inoculates the poison, 
first paralysing the victim’s poisonous weapons from below. Then 
again it stings, thrusting the lancet along the side of the cephalo- 
thoracic shield. The spider being thus paralysed, the fight ends. In 
some cases the spider proves more than a match for the Salus, in 
which case the latter, after trying its best, gives it up and flies away. 
After making sure that the captive is helpless, it leaves it behind and 
goes searching for a convenient hole. In one case the Salus was 
clever enough to appropriate the hole of its victim itself. In this case 
it first enters the hole alone and remains alone for some time under- 
ground most probably inspecting the hole. It then comes back and 
making sure that the spider 1s paralysed, takes hold of one of its 
chelicerse with its mandibles and walks back with its face towards the 
captive to the hole. When, on the other hand, it does not like the 
spider’s hole, it leaves the captive and goes away some distance 
and begins to search for a convenient nest. In one case the wasp has 
been seen to leave the captive, go straight to a particular hole, not 
approaching any other on the way, and then come back to the spot where 
the spider was. From this it appears that the wasp keeps a hole ready 
before it goes in search of a spider. While it is engaged thus, it often 
comes back to the spider to make sure that it is safe in the original spot. 


vantive spider is taken some feet away from the 
At this stage if the captive spider is taken s y 
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comes back and then after strolling all round, 


original spot the Salius 
ase it stings it once again and then 


it finds the spider and in this ¢ the 
drags it some distance forwards and there leaving it, goes again in 
Several times it visits the paralysed spider to be 

At last it drags the spider to a hole and then it 


search of a hole. 
sure of its safety. 
does not come out for a very long time. 

Salius flavus is never found frequenting houses as it almost 


exclusively confines itself to catching ground spiders. 


Pompilus is the largest genus with some widespread species, of 
which, perhaps P. analis Fabr. (Fig. 107) is the most common. T. 
V. R. Aiyar made the following observations on this species. This 
red and black wasp is found very commonly haunting the trunks of big 
trees, especially species of Ficus, which generally contain numerous holes 
and chambers inhabited by spiders. I have now and then found indiv- 
iduals on the walls of old buildings and also some hunting ground 
spiders, but | have not till now come across any nesting on the 


ground. The following were my notes on the habits of a specimen of 
this species :— 


Ist June 1906.—As I was entering the lucerne field along the avenue 


close to the Waini road, containing clumps of bamboos, I heard a buz- 


zingnoise about me, and on turning round found a specimen of P. analis 


perch on the ground by my side and search holes. Watched the insect 


for about quarter of an hour. After some search it came across a hole 


very close to a small wooden post in the ground. It entered the hole 
a came back, followed by a big ground spider. Then ensued the usual 
nent. The combat was found to be exactly like that of Salius flavus, 
but with a display of greater fear on the pa of the Pompilvs and e 
a care. After securing the captive, it disappeared for a few 
minutes and then came back to assure itself of the captive’s safety as 


in Salius. This 

| This happened three times. On one occasion the spider 
moved a little when the Pom pilus gay 
administered during the 
it flew high up every 
parent wings adding 


e it a sting in addition to the ones 
| I found it impossible to follow it as 
time and disappeared, the black body and the trans- 
eae ai, in. fee ae In vhe end it took hold of the 

\ Patus and began walking back. It dirccted its 
nue towards the ] 


combat. 


course across the ave 
Yamboo clump on the side of 
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the road. On reaching the clump of bamboos it began ascending one 
of these and then proceeded up for about 7 or 8 yards, when unfor- 
tunately it disappeared from my sight. I have very strong grounds 
for concluding that the wasp took the spider toa hollow in some 
bamboo, because although I have come across several individuals of 
this wasp dragging spiders, | have never found one taking a spider to 
a hole on the ground. It may be argued that the wasp dragged the 
captive up the bamboo and afterwards flew off with it, the burden 
being too heavy for conveyance to the nest without the vantage of an 
elevation to start from. But my having till now never seen any indivi- 
dual of this species nest on ground supports the former view. - 


The spiders which P. analis generally hunts on tree trunks and 
walls are web-spinning forms and compared to the ground spiders very 
smal! and powerless. In these cases the Pompilus finishes the fight 
very soon and at once drags the captive along the side of the tree trunk 
to an exposed hollow on the trunk ; it leaves its victim then and searches 
for a hole in the tree itself. Meanwhile, I have tried removing 
the captive and placing it on the ground below ; however, the wasp after 
some anxious search found it out and dragged it again up to the tree. 
This species also thus displays that power of finding out the paralysed 
spider if we remove the same and keep it away. When at last it finds 
a convenient hole in the tree to nest, it comes back and drags the captive 
home. 


Aporus includes only three species, of which one, A. cotesi, Cam.., 
may be found in the plains. 


SPHEGID A, 
Pronotum transverse, not reaching the insertion of the wings. 


This is a large family of Aculeata, with a great variety of forms. 
It includes large robust species with a length of an inch and-a-half and 
small slender insects not over a quarter of an inch long. The ma- 
jority exhibit some form of warning colouration, bright yellow, metallic 
greens and blues, and similar bright tints predominating. The head is 
large, with ocelli and compound eyes, the trophi are well developed, not 
conspicuous, and the mandibles are robust. The thorax is massive, 


the abdomen often with a long petiole. The legs are of moderate 
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length, the forelegs often modified for digging. Males and females are 
rficially alike, the latter having a well developed sting. As in 
there is no free life history and none are social, the female 
The larva is a white soft grub, without legs 


supe 
all Aculeata, 
storing food for the young. 
and with a small head. Pupation takes place in a silken cocoon. 


Sphegids are the familiar digging wasps, whose prey consists of 
insects, stung to insure paralysis and laid up in this state in a suitable 
cell or burrow for the young to 
feedon. The process of stinging 
may be observed and is some- 
times accompanied by other 
injury to the prey to insure 
its helplessness. So far as is 
known, the prey is, when laid in 
the cell, helpless, but not dead, 
and remains so until the grub 
attacks it; how far the perman- 
ence of this paralysis is due to 
the action of the wasp and how 
far it is induced also by the 


conditions in the cell is not known ; a cricket stung by Sphex lobatus 
and laid up, presumably remains paralysed ; but that cricket taken 
out and kept under other conditions may die if kept too dry or may 
to ate exten tecover under favourable conditions of temperature, 
moisture, air and light. There is no reason to doubt that paralysis 
1s caused primarily by injuries inflicted by the wasp, usually in the 
form of a sting or several stings, which are directed against the 
nervous system and induce paralysis. The student will find ac- 
counts of some species below and further accounts in the literature 
eo Horne described the habits of Sceliphron (Pelopceus) 
ee EF. S. bilineatus, Sm., S. violaceum F. (P. bengalensis, 
: mith), a ypoxylon rejector, Sm., Pison rufipes Sm., and P. (Pisoaiee 
.. aie at 1s a large field here for an observer gifted with 
he. a ae to add to our knowledge of the habits of 
eas ee The actual economic importance of the 
Oe ae © gauged, 1S great since most of the species 

J smc importance. It is, however, very difficult 


Fig. 108.—SPHEX LOBATUS. 
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to estimate this since their work is not at onceobvious, and no estim- 
ates of number are easily obtained. 


Sphegide are preyed upon by Chryside and Mutillidw, while the 
parasites of their prey indirectly check them because, in some cases 
certainly, when a Sphegid lays up a parasitised caterpillar, the parasite 
hatches and the Sphegid larva is deprived of its food. This is a curious 
fact and had we not observed it, we should hesitate to mention it. 
When we remember how large is the percentage of parasitised caterpil- 
lars very often, we may imagine that the Sphegid does often lay up 
parasitised caterpillars, which do not nourish their larve. 


Astata agilis, Sm., though recorded from but few places, is probably 
widespread (Plate X, Fig. 4); it has been seen burrowing in sandy soil 
but its prey is unknown; it hunts usually among the decaying fallen 
leaves under trees. 


Tachytes includes small and inconspicuous insects, nesting in soil 
and, according to Bingham, storing Orthoptera; 7. monetaria, Sm., a 
black species with golden pubescence on the abdomen, is common, as 1s 
T. erythropoda Cam. (Plate X, Fig. 3). 


Notogonia subtessellata, Sm., preys on crickets, storing them. in bur- 
rows in the soil, or in the stems of plants (e.g., in Euphorbia nerifolia) 
(Plate X, Fig. 7). This insect, which is the commonest of the genus in 
Pusa, is found very commonly in the vegetable garden and orchard, 
where the soil is fairly moist always. The reason apparently is that 
field crickets abound in these localities and the wasp is after them. 
The cricket generally hunted is a species of ‘‘ Gryllodes ”’ 
often not a full-grown one. In several cases the cricket escapes by its 


and very 


agile jumps, and itis only after allowing several crickets to escape that 
one is caught. The wasp paralyses the cricket by a sting (sometimes 
two) at the junction of the pro- and meso-sternum. It then drags the 
captive and leaving it ina prominent place, goes in search of a hole or te 
assure itself that its hole is ready to receive its prey. It soon returns 
and drags home the cricket. The process is different from that in a 
Pompilid. Here the wasp does not proceed backwards facing 1ts 
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captive, but instead poses itself almost above the captive and holding the 
antenne by its mandibles proceeds forwards, both captor and captive 
facing one way. In this wasp there is distinctly a marked display of a 
high degree of instinct (intelligence ?) in taking advantage of an eleva- 
tion to start on the wing with its pretty heavy load. The wasp drags 
the cricket to the foot of the nearest shrub or plant and slowly ascends 
to about a foot from the ground, and from there it starts on its wings 
with the prey. It continues thus often on its way to its nest, which is 
generally a hole on the side of the hard bank. An interesting point in 
the habits of this wasp is that it digs into the soil to find its prey even 
when the cricket has a burrow opening to the surface. On one occa- 
sion, one was observed flying over sandy soil; she selected a spot and 
commenced to dig ; when a little hole was made, she entered and came 
out carrying soil between her curved forelegs and her head, repeating 
this till there was a considerable heap of soil; this heap she then demol- 
ished by standing and kicking it away with her hind legs. While dig- 
ging, a cricket came out from a hole by her, was eventually seen, pur- 
sued and captured. 


Liris aurata.—This beautiful sand wasp is one of the most active 
among Sphegids. It is found in flower gardens and generally nests 
under thick bushes away from human observation.” It is very often 
found haunting houses, especially store-rooms, in search of house crick- 
ets. The latter are notorious domestic pests attacking provisions, etc. 
This wasp, in frequenting dwellings, performs the part of an efficient 
natural check on these domestic pests. Pison includes small dark 
insects, of which P. rugoswm, Sm.,is common in the plains (Plate X, 
Fig. 9). Horne states that the nests of P. rufipes,Sm., are nearly glob- 


war, built in a group on a hanging creeper or tendril, and stocked 
with small spiders. 


Trypozylon (Plate X, Figs. 10-11) 
seen 7’. pileatum, Sm., buildin 
are extremely slender gr 


1S common in houses, and I have 
g In cane furniture in a verandah ; they 
aceful insects 


nests : nests are als 
e also found in thatch, and on one occasion a female was 


seen plugging her nest. wh; 
Piugeing her nest, which was ina hollow reed previously utilised by 


Ceratina viridisesy, 3 
idissima. The hollow IS not lined but is partitioned off 
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into cells, each containing small spiders (Fig. 109), 7 


. ntrudens, 
Sm., builds in holes in walls and in crevices in books. 


hak oe Fe rae 
‘ 


Fig. 109.—TRYPOXYLON PILEATUM BRINGING A 
SPIDER TO HER NEST IN A HOLLOW STEM; 
THE NEST HAS BEEN OPENED TO SHOW THE 

Ones. {F. M. H.] 
Ammophila is larger, with a long narrow 
abdomen and a rather Ichneumon-like 
appearance. Several are very common and 
their habits have been observed. The 
habits of A. levigata, Sm. (Fig. 110), are 
briefly described in Indian Insect Pests 
(page 271), this insect burying Plusva 
eriosoma larve in soil. So faras is known, 


caterpillars and spiders are their prey and 


they do not make mud nests but burrow 


Fig. 110,—AMMOPHILA 
LAVIGATA, 


in soil. A. atripes, Sm., A. basalis, Sm., 


A. lavigata, Sm., and A. erythrocephala, 
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ee te 
insect, very unlike the remainder. 

is local. The last is a large robust insect, very 

is local. le 


: l-wasps so commonly seen 
Sceliphron includes the more robust mud ne z ‘5 ; 
cies gi beta ; ‘A aartienes . madraspatanun 
in houses, which lay up spiders in earthen ea : 
In 9 : 


; ID F ,ORNER AND 
Fig. 111.—SCELIPHRON MADRASPATANUM; NEST REMOVED FROM A cies 
f SEEN FROM BEHIND ; IN ONE CELL A LARVA FEEDING; IN ANO 
A SPIDER WAITING TO BE EATEN. [F. M. H.] 


Fabr. (Fig. 113), is the commonest species ; the female constructs are 
nests, consisting of two to seven elongate cells, placed side by te 
they are most beautifully constructed of mud and when unfinished 
are very striking objects (Fig. 112). But when the whole number 
are completed, stocked and closed, she puts mud over the whole in an 
apparently irregular manner but so as to give it the appearance of a 
rough lump of mud, when it is much less easily noticed. The nest 


is placed on a wall, a window-sill, on furniture or on tree trunks, and 
may be carefully concealed or in the open. 


The cell is made, the first spider brought in and an egg laid on it 


near the base of the abdomen. The rest of the spiders are then brought ; 
if the work cannot be completed before 
is put on as the wa 


closed and a new 
long. The lary 


dark, a temporary mud cover 


sp does not sleep in the cell. When full, the cell is 
one begun, 
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the head very small: it becomes sordid-grey before maturity, when 
it measures about 14 m.m. Larval life occupies about 13 days, the 


Fig. 112.—SCELIPHRON MADRASPATANUM-—INCOMPLETE NEST. 


full length being attained on the sixth day. There are apparently no 
moults during larval life, the extremely soft and unchitinised integu- 
ment not preventing expansion as in harder insects. The full-grown 
larva ejects a mass of black excreta at the bottom of the cell and then 
spins a tough cocoon of very fine yellow silk which turns dark brown. 
It rests for three to six days and then moults, placing the exuvium at 
the bottom of the cocoon where it often adheres to the hind end of 
the pupa. The limbs of the future wasp are 
symmetrically folded under the body and are 
free, being easily seen. The pupa gradually ‘* 
assumes the imaginal colour and on _ the 
twelfth or thirteenth day the imago emerges ; 


it cuts the cocoon and forces out the plug of _-” 7 % ™y 
RX 


oN ape sk 


Pte, 
%, 


a 


. XN 
mud that closes the cell, thus forming a A a 
circular orifice through which it can leave the ‘ 
, ‘ Hig. 113,—ScELIPHRON 
ry © , ¥ 2 ; a 2 
cell. The total life from egg to imago is from GA pisPAD ROW. 


24 to 30 days, nest-making then occupies some 
time and there are probably five broods in one year in the plains. 


Hibernation takes place in the larval condition. 
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This species, like others, is not allowed to work sant increase un- 
molested but has enemies which prey upon It. Chrysis fuscupennis, Br., 
Hedychrydium rugosum, Sm., and an undescribed Chrysis are found in 
the Salle -a Tachinid fly, of which as many as six maggots are found in 
one cell; a Bombyliid (Hyperalonia sphynx) is found in the pupal 
cocoon and in this case the pupa of the fly forces itself through the ma- 
sonry so far as to allow of the emergence of the fly to the outside ; finally, 


a Mutilla has been once reared from this species, unfortunately only a 


male. 


This wasp is the subject of a curious belief in the Punjab ; it has 
been noticed that it stores spiders and that eventually a wasp like itself 
is produced ; not knowing what occurs in the cell, it is commonly be- 
lieved that the wasp has the miraculous power of imparting its shape 
and colour to the spiders, and that each spider reappears in the new 
form. 


G. R. Dutt, who has studied this wasp at Pusa, once removed the 
cells of a nearly completed nest which only required covering with mud; 
the wasp had made two cells, and had commenced bringing mud to 
plaster all over them when this was done; she however continued to 
bring mud and to plaster it over the marks 
left on the wall until she had produced the 
Same appearance as she would have had 
the cells still been there, apparently un- 
aware that the cells had been removed. 
The student should read the parallel cases 


described by Fabre, and translated in 
‘Insect Life.’’ 


Sceliphron coromandelicum, Lep., is a 
large species, of similar habits to the above. 
There are one to seven cells (rarely up 
to 12) in the nest, which is placed in build- 
_ gs or on trees. It has similar parasites, 
Fig. 114.—Scruipnron py. @*24 ® Chalcid parasitises the -Chrysid 

NEATUM CELL. x 2. parasite, thus adding to the 


complicated 
fauna that centres round these nests, 
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S. bilineatum, Sm., is recorded from Western India, but occurs also 
in Behar. It constructs single cylindrical cells (Fig. 114) which it finishes 
by adding mud till the cell is smoothed over completely. The life 
history occupies about a month and this species is also extensively 
parasitised. 

S. violaceum, F., is the common blue species which nests in houses, 
making no cell but taking advantage of natural holes, which it commonly 
closes with lime or plaster in preference to mud. It has been seen to 
utilise screw and nail holes in wood, bores in bamboos, the central hollow 
of a cotton reel, the tubular cavity of the handle of a cycle pump, and 
holes into which bolts were to fasten. It has also been found in the 
empty cells of S. madraspatanum, its larval cocoon being smaller than 
that of the latter. It is possibly the insect referred to in the follow- 
ing: Lahore Divisional orders :—The Ichneumon fly is particularly 
active at this time of the year, and the greatest care should be taken 
to prevent barrels of rifles becoming unserviceable from the rings of 
corrosion which invariably follow if the clay plug is not at once re- 
moved. The fly will build a complete nest within 24 hours, and every 
barrel should be looked through at least once daily to ensure its being 
free from this pest. (Statesman, 28th April, 1909.) 


Sphex includes larger insects with a shorter petiole, best known 
from the very common green metallic species S. lobatus Fabr. (Fig. 108) 
which preys on the big cricket Brachytrypes achatinus, Stoll. Its habits 
have been described elsewhere (Journ. 
Bombay Nat. Hist. Soc., XV, p. 531); it 
has a curious habit of biting out a portion 
of the pronotum of its prey after it has 
paralysed it by stinging. It is seen actively 
at work from April to August; possibly 
the crickets are not sufficiently large before 
the end of April, necessitating a longer rest 
than that of other species. 

Ampulex compressa, Fabr., is a very 


beautiful insect, common in the plains. In 
Pusa this insect is purely arboreal in 
its habitat. The chief haunts are the 


Vig. 115,—AMPULEX COMPRESSA. 
trunks of old Peepul (Ficus reliqiosa) and 
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Fig trees, which possess numerous holes and chinks. It is not an un- 
common sight to see an Ampulex hurrying along the uree trunk search- 
ing hole after hole for cockroaches and occasionally flying to a distant 
branch only to return and continue the search in a few seconds, As tar 
as observed, this species confines itself exclusively to species of Leri- 
planeta for its prey. The specimen of Periplaneta is invariably bigger 
in size than the wasp itself. This wasp does not construct any nest, 
but generally makes use of some empty hole on the trunk of the tree, 
wherein it drags its captive. The manceuvres employed in capturing 
and paralysing the cockroach are almost the same as in Pompilids, but 
here there is not so much careful tact and dexterity displayed on the 
part of the wasp in dealing with the cockroach. The reason apparently 
is that the cockroach is not armed with any poisonous weapons ; it has 
to depend solely on its active motions and irritating spines for defence. 
Unlike the Pompilid and spider fight, the scene of the combat often 
changes, the cockroach taking to its wings very often. The fight is 
simply a pursuit of the desperately flying blattid on the part of the 
wasp and the moment it manages to alight on the back of the captive, 
the latter submits. The wasp loses no time in administering the sting. 
The sting is thrust along the side of the big prothorax and reaches the 
cesophageal ganglia. The cockroach does not, however, appear much 
the worse after the sting, and if the wasp after this so-called paralysing 
strays away in search of a hole, the cockroach manages to slip away 


slowly into some adjacent hiding place. This has been observed more 
than once. 


One species of Stigmus has been observed by Dudgeon to store 


Aphides in holes in wood made by a boring beetle. (Jo. Bo. Nat. Hist. 
Soc. XV, p. 12.) 8. con 


observed collecting aphids in Behar. Gorytes alipes, Bingh., is not un- 


bserved it burrowing in the damp 
ly two inches deep, and stocked 
lgorid, Dictyophara lineata, Don. Gorytes 
ed to visit the rolled up sissoo leaves inhab- 
us blandus (Curculionide), but the observer 


hat the larva was carried off. It is possible 


@ 18 j . ; : 
lays an ege on it IM a case, this Species paralyses it and 
&8 On it, thus not requiring a nest 
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Stizus includes wasp-like insects whose habits are unknown ; 
S. rufescens, Sm. (Plate X, Fig. 12), is common in the plains, and some- 
times comes in numbers to dig in the ground in flat places near houses. 


Philanthus pulcherrimus, Smith (Plate X, Fig. 13). This wasp is 
common at Pusa during the months of March and April. It is usually 
found on flowering plants, on the flowers of which bees are also hovering. 
This wasp attacks them, stings them and then flies with them to the 
nest. The bee is held by the wasp below the thorax between the legs. 
Nests of this wasp are in sandy banks, and are in the form of long narrow 
tunnels. Females were observed bringing bees (generally belonging 
to the genera Halictus, Ceratina and Apis) to their nests and the choice 
seems restricted to the family Apide. 


Bembex sulphurescens, Dahlb., is another wasp-like insect, robust, 
coloured in yellow and black. Bembex makes burrows, which it is be- 
lieved to keep open, feeding the young 
daily with fresh Diptera; this is an 
interesting habit, and it may be hoped 
that the habits of the Indian species 
will be observed. This species is 
usually found flying over the soft 
sand by rivers, etc. 

Cerceris is stated to be predaceous 
upon beetles principally Chrysomelide, 
in India; they are small wasp-like insects ; C. pictiventris, Dahlb., 
CO. instabilis, Smith, and C. flavopicta, Sm., are the most com- 
mon. Oxybelus is smaller with several species, none known to be widely 
spread. O. squamosus, Sm., has been observed by Purushottam Patel 
to collect the biting fly Stomozxys calcitrans and also the common 
housefly (Musca, sp.), and carry them off to provision its nest which is 
in the form of an oblique tunnel in sandy soil. 


Fig. 116.—BEMBEX SULPHURESCENS, 


Crabro buddha, Cam., is a small black and yellow species, which 
has been reared from pupx ina tree. C. bellula, Cam., has been seen 
nesting in wet soil in a garden in Western India. C. orientalis, Cam., is 
similar, and has been reared from pup found in tunnels in a dry mango 


branch. The dry wood was bored through extremely thoroughly and 


UL 14. 
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contained large numbers of cells packed with Diptera ; a Mutillid (Wu- 
tilla discreta, Cam.), was reared from one of the cells. Bingham remarks 
that he saw a Crabro carrying off Aphides, as do the European species 
and this is likely to be the habit of some of the above species. Nurse 
records rearing C. balucha, Nrse., from hollow reed stems in which it 
(Jo. Bo. Nat. Hist. Soc. XV, p. 16.) 


re 
had stored ‘‘ houseflies. 
1 Pusa to have stored its nest with small 


CO. ardens, Cam., was observed 
flies and two species of Crabro were observed carrying off aphides from 


a Capsicum plant in a house. 


EUMENID. 
Wings folded longitudinally, middle tibie with one spine 


at the apex, the claws dentate. 


These wasps include the small slender Odyneri measuring as little 
as a third of an inch in length and the large robust Humenes which occa- 


Fig, 117.—Ru SES 
g. 117.—Eumensgs ESURIENS WITH ONE FINISHED 
AND THREE INCOMPLETE CELLS (SIC), 
(From Horne.) 
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commonly seen engaged in making or provisioning the cells for their 
young. 

The life history of no Indian species has been really studied in great 
detail though the habits of some of the species are known. These insects 
have the habits of the typical stinging predators, paralysing insects 
with their sting and laying them up for their young to feed on. Our 
Indian species are solitary and make cells, not nests. They are bene- 
ficial in that they destroy caterpillars, but their influence is probably 
not very great as their numbers are not very large. 


Bingham enumerates nine genera as Indian, of which all but three 
will be found in the plains. Hwmenes is the important genus, contain- 
ing the well-known ‘* potters,’’ which prepare mud cells in houses and 
store these with caterpillars. R. C. Wroughton describes rearing 11 
cells, of which three yielded parasitic beetles (Mordellide), three Chry- 
side, two flies and only three were unparasitized and produced Humenes. 

An account of the habits of Indo-Malayan Eumenid@ by Mons. 
Maindron will be found in Ann. Soc. Ent. Fr. 1882, pp. 69, 169, 267 and 
1885, 219; the latter refers to /. petiolata only. Horne also has notes 
on the habits of Eumenids. The readers shou'd see the account of 
Eumenes dimidiatipennis, Sss., by Lt.-Col. Cretin (in Journ. Bombay 
Nat. Hist. Soc. XIV, p. 820), which is a model of what such observa- 
tions should be. 


Some are extremely common in houses and are a serious nuisance 
owing to the spots chosen for nest building. 4H. petiolata, Fabr., EL. 
dimidiatipennis, Sss., LH. 
esuriens, Fabr., and HF. 
conica, Fabr., are common 
and may be looked for 
everywhere. Humenes coni- 
ca, Fabr., makes its mud 
cells on walls, window 
frames, cement floors, etc., 
in houses. A_ single nest 
consists of seven to ten 


cells. each of which 1s 


round in plan, semi-elliptica 


Fig. 118.—FUMENES PETIOLATA, 
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in section. In making a cell, the wasp brings a pellet of mud and 
spreads it out in a curve ; she brings more and more, working it all up 
into a wall rising from the base she builds on, and curving inwards till 


there isa small round aperture left ; she then puts on a neat rim (Fig. 117) 


and the cell has just the appearance of the upper half of an ordinary 
Indian gylah (water-jar). Through the opening she slips paralysed 
caterpillars, usually green semiloopers (Plate X, Figs. 1, 2); if they are 
large, three to five is enough ; if not, as many as eight are put in. The 
egg is laid before the caterpillars are put in and hangs by a thread from 
the roof of the cell ; when the cell is stocked the rim is demolished and 
the cell closed ; another is then begun above and when the full number 
are made, the whole is finished off with mud evenly. The wasp is very 
sensitive to disturbance and readily abandons the cells; if the cell is 
more than half stocked, the transformation still takes place though the 
wasp is of a much smaller size. When a cell is partly demolished and 
left undisturbed, the wasp will often repair the damage and in this res- 
pect she shows a much less fixity of instinct than does Sceliphron for 


instance. The complete making, storing and closing of a cell usually 
occupies one day. 


The egg is a delicate white object, about 4 m.m. long and hanging 
by a stalk about 15 m.m. long. On hatching the larva puts out its 
head but does not leave the egg shell so long as it can feed from it ; 
it attacks the nearest caterpillar and only when it has grown a little 
does it leave the egg shell completely. When it has eaten all the cater- 
pillars it spins a delicate cocoon, pupates and emerges. The imago then 
cuts through the cell and escapes. Chrysis orientalis, Guer., Stilbum 
cyanurum, Forst., Chrysis fuscipennis, Br., and a Tachinid parasitise this 
Species, and in one cage every cell of a nest of ten contained a Chrysid. 


Eumenes edwardsij has been reared from a clay cell, oval with rounded 
ends, found on a blade of grass. 


Rhynchium has similar h 
everywhere : the common g 
neum, Fabr., R. abdominal 
makes a cluster of up to 25 
rial in which are stored her 


abits, collecting caterpillars, and is found 
pecies are R, hemorrhoidale, Fabr., R. brun- 
é, Illig., and R. nitidulum, Fabr. The last 
oval cells coated with black gummy mate- 
Prey. &. brunneum, F., stores her nest with 
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the caterpillars of the Pyralid, Marasmia trapezalis, Guer. Chaleid 
parasites attack these species. (Fig. 119.) 

a Odynerus is believed to 
_ store caterpillars in holes 
or in small mud nests. 
Most are small insects, black 
and yellow in colour, with- 
out a petiole. A number 
of species are recorded, few 
of which are known to be 


2  ) ~=Widespread. 

ae | O. punctum, Fabr., and 
O. ovalis, Sss., are likely to 
be found anywhere in the plains. O. punctum has been observed by 
T. V. R. Aiyar to utilise the holes bored in chairs to fix the cane in, 
when the cane is broken and the hole empty; this hole she fills with 
small caterpillars, after which she closes it with mud. The same ob- 
server noted the latter carrying off the larva of the Groundnut Leaf 


Miner (Anacampsis nerteria, Meyr) to store in her nest. 


Fig. 119.—RHYNCHIUM NITIDULUM NEST. 


VESPIDa.—W asps. 


Wings longitudinally folded in repose. Middle tibie with two 
terminal spurs ; claws simple. 


These are small to large insects, with warning colouration of an 
evident kind. The petiole is usually long and slender, the legs of moder- 
ate size, the pronotal angles reaching - 
the insertion of the wings. The fore 
tibia bears a cleaning comb through 
which the antenne is drawn, as is also 
the case in Formicidae. The females 
have one more joint (13) in the an- 
tenne than the males and one less 


abdominal segment (6) but are other- Pre toti videeotuas, 
wise similar. In the majority of the 
species, social habits are observed ; the nest may last more than one 


season, but in our common. species this is not usually the case though 
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; » ISTS j 7) Ps ) ot. 
successive communities may continue nests in the Pune P q 
e., imperfect females, are found in the more highly organise 


Workers, 7. od 
oa large number of individuals. 


communities and a nest may contain a | oh Baia 
. , ap : ur disposition an¢ 1e virulence 
Owing to the ferocity of their disposition 


stings, precise observations have not been made into the habits of these 
pu 5) JULS© 
insects in India and little is known of them. 
per ‘jal consisting of chewed 
Nests are commonly made of papery material consisting of ¢ 
vegetable fibre. Polistes hebreus may often be seen working at dry 
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Fig, 121.—NEST OF ICARLA ARTIFEX. 


posts or trunks from which the bark has been stripped, first moistening 
@ spot, then working off the fibre and taking it away. A nest consists 


of cells of hexagonal form, hanging with the opening downwards; in 
the simple nests of Icaria there are tw 
more complex nests of Polistes, 
by stalks, and w 


0 rows of cells only; in the 
the cells form horizontal combs, hung 
ith a diameter of six or more inches in rare cases; there 
a be one comb below another but the combs are open all round. In 
Vespa, there is an envelope, the nest completely enclosed and with the 
combs side clear of the envelope so that there is access to each comb 
all round; in others the comb js attached to the envelope and access is 
gained by a central Space passing up through the combs. 

The Wasps fe 


ed on caterpillars, 1 ids 
. ; mantids, bugs, grasshoppers. beetles 
and other ingse areas ote 


cts a : : : Aries. 

cad * 8c! sortie constantly seek for fruit juice, sugar, sweets 

c Such materie by et a ? ; 
depen young are fed up on the crushed insects 


recorded. T Parent or worker, but few details have been 
corded. The number of caterpillars these 


brought home by the 


Wasps eat is apparently 
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very large indeed and large nests probably exercise a considerable 
influence in keeping caterpillars down. The females hibernate in shelter 
in the colder parts of India for about two months or longer and it is at 
this time they are found in houses. Wasps have a distinct economic 
Value as predaceous insects but are in some cases not welcome 
neighbours. The ‘‘hornets’’ which attack persons in India are species 
of Vespa whose nest has been disturbed and their stings have been 
known to cause death. 


Of this family, 7 genera and nearly fifty species are recorded as 
Indian. Bingham figures the nests of two species of Jschnogaster, one 
solitary, one social, and regards this genus as the link between the 
solitary Eumenids and the social Vespids (Journ. Bombay Nat. His. 
Soc. V, p. 244). 


Icaria ferruginea, Fabr. (Fig. 120), is one of the common species in 
the plains; it is the red-brown wasp with the yellow band across the 
second abdominal segment found commonly in Bombay and the 
Central Provinces. The hanging nest consists of a small number 
of delicate elongate cells. (Fig. 121.) Polistes hebreus, Fabr., is the 
common insect making hanging nests in the verandahs of houses and 
in similar sheltered spots. This species has been to some extent 
observed; the fertilised females hide away in cracks and chinks in 
verandahs, roofs, trees, etc., in November; we have seen numbers 
of them flying about seeking a refuge and they fight freely when 
two are trying the same spot. Here they remain all the cold 
weather, emerging as the warm weather commences in March. In 
1907 they emerged as early as the third week of February, as did 
other hibernating Aculeates. The female then builds the nest, lays eggs 
in it and rears the young till they emerge to help her; larger nests are 
then made and these may last until later in the year or new nests may 
be begun by single females at any time. This insect has been reported 
from Peshawar as being so abundant in the Field Telegraph Stores that 
these could not be removed and as rendering houses uninhabitable in the 
Deccan by nesting in the verandahs. The nests are the habitat of a 
Pyralid larva (Hypsopygia Mauritialis, Guen.) which feeds on the larve 
(gee below). 
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Polistes stigma, Fabr., is the only other common species of this genus 
and it has been observed to nest in trees. Next to the yellow wasp (P. 
hebreus) this is the commonest of the genus in Puss and. the only other 
species often come across. We have found this insect attaching its slen- 
der paper nest made up of five or six hexagonal cells to the branches of 
trees overhanging the river. 

Vespa includes the large wasps common in towns at sweetmeats 
and wherever sweet stuff is to be obtained. Vespa cincta, Fabr., and 
V. orientalis, F., are the common plains species; the very large V. magni- 
fica, Sm., and V. ducalis, Sm., are notable hill species. Vespa cincta, 
Fabr., is not as common as V. orientalis, F. It is found generally in 
thick forest. It makes its nest in the holes of big fig and other forest 
trees and has been observed to attack the nests of Polistes hebreus and 
carry off the larve from the cells, the Polistes making no opposition. 

Vespa orientalis, F., has also been observed hiding away for the winter 
in holes in buildings. Bingham states that the nests are in trees or at 
the foot of a tree or attached to the beams of a house. Their stings are, 
as he remarks, very painful and to be avoided if possible. There are 
many obscure points about this insect and we would like to see it pro- 
perly investigated. It is the commonest of’ the species in India and is 
fond of selecting old buildings and walls to construct its combs (Plate 
XI) when many individuals are employed in the work. These nests are 
sometimes very large and extend far into loose masonry in old buildings, 
the communities being very populous. They are, in the colder parts of 
the plains, abandoned yearly, the fertilised females hiding away till the 
cold passes and then starting again ; in this way the same nest may be 
pen anted year after year. In sweetmeat stalls in bazaars this is a pest 
perching on the exposed sweet stuffs in numbers, but it is curious to fad 
that it injures no one though driv 

, sf driven away now and then. 


CoLuETIp a. 


Tongue emarginate at apex, short and broad. 


from India and of these none can be regard- 
| Prosopis miata, Sm., is 
and will probably be found more widely. 


VESPID &. 217 


Nine species are included in this genus and a single Colletes (C. 
dudgeonvi, Bingh.) has been found in Sikkim. 


Apip&.—Bees. 


Tongue acute, not emarginate. The thorax with branched 
hairs, the basal tarsal joint dilated. 


It is not always easy to recognise a bee at a glance anda fair know- 
ledge of other Aculeates enables one, by elimination, to place doubtful 
forms. Actually the group is not well defined structurally though it is 
so on a combined appreciation of habits and structure. Bees are of small 
to moderately large size, their colours often dull, often more or less warn- 
ing. The head is well developed, usually with three ocelli; the antenne 
are of moderate length with a scape and a flagellum ; the mouthparts are 
of varied form but include a pair of cutting mandibles, a lower lip and 
maxillee which form the tongue, often very long, and two pairs of palpi ; 
there is great variety in these mouthparts and they are of value in the 
classification. Bees utilise their trophi in a great variety of ways which 
are really very little understood but they are essentially modified biting 
mouthparts of great complexity with the lower lip functioning as a lap- 
ping organ for imbibing liquid. The thorax forms a compact mass and is 
highly chitinised; the abdomen is oval, the petiole short and not notice- 
able. The ventral surface bears the scopa or pollen-collecting brush in 
those species which collect pollen in this way. The legs are short, hairy 
and the hind tibia and basal joint of the tarsus are dilated and densely 
pubescent for carrying pollen. The use to which most aculeates put the 
hairs is for cleaning antenne and other parts ; pollen-collecting hairs may 
be modified cleaning hairs. 


The Apide include social and solitary species, the social instinct 
being well developed in Apis in particular though perhaps to a less degree 
than in some Termites and ants. The majority have essentially the 
same habits and life history; the females collect nectar and pollen of 
flowers to feed themselves, to feed their young or to store up for the bene- 
fit of their young. A minority are parasitic, laying their eggs in the 
nests of their more energetic food-storing brethren. 


In the simpler cases, as in Megachile, each bee makes a solitary nest, 
preparing one cell at a time, filling it with a paste of honey and pollen, 
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and laying an egg in it; we then find species which live in a es 
burrow with separate cells, (Halictus) or which prepare a sais. ) : 
in one place and have a ‘‘nest’’ which suiliess for Onsen more comp ete 
broods (Xylocopa, Anthophora); finally we find the higher social forms 
in. which 4 nest contains not only sexual individuals but Am partont wing- 
ed females which carry on the nest, the reproduction being limited to a 
small number of individuals, and the multiplication of nests taking place 
in the highest forms by the joint efforts of workers and sexual individuals. 
Xylocopa is an instance, but in this genus the community lives for one 
year only, the impregnated queens living over the winter; the honey 
bees are the highest social forms, with however only three classes of 
individuals, males (drones), females (queens) and imperfect females 
(workers); in these forms the nests are more permanent, and continue for 
an unknown period in some cases, or if the actual comb is deserted, 
the community goes on. In all cases the larvais helpless and must either 
be fed or be provided beforehand with a supply of food, either for its 
own use or that of its hostif it bea ‘‘parasite.’? There is thus 


no free life history and the activities of these insects are confined to 
the adults. 


With nearly thirty genera and a large number of species it is im- 
possible to mention more than those species which are likely to be 


found generally in the plains. The student must consult Bingham’s 
Fauna of India for descriptions of species. 


Halictus is a small bee with man 


y hill species, and a few plains ones 
which nest in wet soil. 


The presence of an anal rima in the female dis- 
tinguishes them. 4H. senescens, Sm., is a common plains form. 


Nomia is the next genus (we omit Spheccdes and Andrena) contain- 


Ing common insects: N. elhotii, Sm., and N. oxybeloides, Sm., are 
black with sily 
; « with sily the known species nest in earth. 
CarTying : : 
ying stock the cells. The nests of N. 
Bakaa bs : ower boxes and gardens, about four 
Clow sy : A 
eri, V the Lithurgus atratus, Sm., is the bee that 
1 si ton flowers go persistently ; the habits of ZL. 
described by Horne (Trans. Zool. Soc., VI p. 175) 
= at) : . e . 


ery white pubescence 


pollen on their hind legs to 
westwoodi are found in > soil j 


Surface. 


dentipes, Sm., are 


PLATE# XE Maetoniy ANTHRACINA. 


THe Bxiack Lear-currinc Bes. 


Part of a series of Jeaf-cells taken from a hollow branch. 


A single cell opened to show the larva feeding 6n the pollen- 
mass, ; 
Full-grown larva. a 


Cocoon, after the leaf covering is stripped off. 
Cocoon, after e aergence of the bee. 

Imago, female. | 

Leaf of Pigeon pea (Cajanus indicus) from which an oval 


side-piece (above) and a round end-piece for the cell have 
been cut, 


Complete series of eight cells in a tunnel in a branch; two 


of last year’s cocoons, without leaf covering, are shown 


beside, 


Imago, male. 
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Megachile includes the very familiar bee that builds mud cells in our 
houses in any tubular cavity that offers itself. The work of the leaf-cut- 


Fig. 122,—CELLS OF MEGACHILE LANATA, x 1. 


ting species is well known, though we doubt if many people have seen 
these insects at work. M. anthracina, Sm., is the common leaf-cutting 
bee of the plains, which cuts neat pieces out of the stiff leaves of rose, 
Bauhinia and pigeon pea. These it takes away to line its cells, which it 
fills with pollen paste. We figure the cells of these species found in a 
tree. (Plate XII.) A point of interest in this species is that it is found 
as an imago only after the rains, 7.e., October and November. In capti- 
vity the larve rested from December to September in the cell. This is 
the case in Behar, but it may not be true of all India. M. disjuncta, 
Fabr.. is also common and makes mud cells filled with paste. It has the 
base of the abdomen covered with whitish pubescence. The commonest 
species is M. lanata, Fabr., with base of the abdomen red-brown ; this 
builds the mud cells (Fig. 122) in houses and also, as does M. disjuncta, in 
soil. In the former case, a mud cell is made, in the latter case, a casing 
of leaves is applied to the sides of the burrow direct. It is common both 
in the dry hot weather and after the rains. M. conjuncta, Sm., makes 
its leaf cells in a hollow bamboo.  Megachile lanata is attacked by 
mites, which fix themselves to the larval integument and draw in fluid 
so that their abdomen becomes immensely dilated after the manner of 


the ‘honeypot’ ants (Myrmecocystus). 
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Parevaspis is a parasitic bee found in the nests of M blo , Pare- 
vaspis carbonaria, Sm., is the common Indian species. Ceratina viridis- 
sima, D. T., isthe delightful little metallic green 
bee that tunnels in dry stems and lays up food 
there: it is common throughout India. (Plate 
XIII, Fig. 4.) The pupa is not in a cocoon but 
simply lies free in the cell separated by a wall of 
fibre from its neighbours. (Fig. 123.) The egg 
of Ceratina (like that of some other insects) 
increases in size after it is laid, from about 2 
m.m. to over 3°5 m.m. in length; a chalcid 
parasitises the larvee, four having been found in 
one cell as pupex. The larval period is from 9 
to 13 days, the pupal from 13 to 18 days in 
October, November. G. R. Dutt has found 
a cell in a hollow twig in thatch containing two 
larve, the cell sealed with black wax, which 


he reared to Heriades parvula, Bingh. This Qa 
Fig. 123.—CERATINA VIRI- 


ne 


little bee is comparatively rare but occurs in DISSIMA PUPA IN CELL 
Behar as well as in Burmah. NTP. M. bes 


Coelioxys includes the black bees with tather sharply tapering ab- 
domen that one sees hovering around walls and buildings. C. basalis, 


ne is said by Bingham to be parasitic upon Megachile lanata. C. 
decipiens, Spin., is the second common species. 


Crocisa is said to be parasitic upon An 
blance in build and colour between them: re) 


and C. ra 
amosa, Lep., which are conspicuously black and white are com- 


mon; Anthophora nests in the soil; 4. zonata, Linn., and A. violacea 
Lepel, are likely to be found. (Plate XIII, Figs. 5, 6.) | 


thophora and there is a resem- 
f the former, C. histrio, Fabr., 


see ti includes the familiar large carpenter bees which make 
ae fa hard dry Words they are large, usually black insects, with 
: W mgs and are distinctly the largest of the bees in the plains x 
bie Be In which the male is covered in yellow pubescence, the 
emaile in black, is the ver , 
: y common species, whose nests may be seen j 
: ag. . nin 
postsand beams. (Plate XII, Figs, 1,8.) X. fenestrata re X. ame 
y > 93 . - 


thy stina Fabr., a: errs ea 
; Send X. iridipennis, Lepr., are algo common. Xylocopa 
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ienuiscapa, Westw., in Ceylon is, according to Green (Knt. Mo. Mag., 
1902, 232), the host of the Cantharid, Cvrssites Debyr, Fairm. He also 
figures there the cavity in the base of the abdomen in which lives the 
Acarid parasite Greenia Parkins: Oudem. 


Bombus, the ‘‘Bumble-bee’’ of Europe, is entirely a hill species and 
the beautiful Bombi one sees in the hills do not descend below 3,000 
feet. (Plate XIII, Fig. 9.) 


The species of Apis are the common honeybees, three species occur- 
ringin India wild. These are readily distinguished, so far as the workers 
go, by their size. A. dorsata, Fabr., being the largest, A. indica, Fabr., 
the medium sized and A. florea, Fabr., the smallest. While all three are 
common in India, they do not all appear to occur together; A. dorsata 
is the big bee that builds large nests in the forest and away from cultiva- 
tion; A. indica is common generally in trees, as is A. florea, which in the 
plains of India is very often found making its single combs in any conve- 
nient position on a building. Bingham mentions A. indica as the com- 
monest bee of Burmah, but florea is at least as common in India and 
its nests are far more often seen. 


A great deal can be written about these bees and the reader is ad- 
vised to consult Horne’s article in Trans. Zool. Soc., 1879, VII, p. 181, as 
well as Hooper’s Agricultural Ledger on bees-wax. An English abstract 
of Castets’ article on bees of South India (Revue des Questions Scienti- 
fiques, Brussels, October, 1893) will be found in the Tropical Agriculturist, 
January, 1908, p. 48. It is of interest as containing an account of the 
wild bees, as also of Melipona (Trigona) iridipennis, Smith. For prac- 
tical directions in bee-keeping in India Douglas’ Handbook of Bee-keeping 
in India (1884) should be consulted. 


Bees collect pollen from flowers, as well as nectar, and some collect 
a resinous matter from buds, from bark and other parts of plants. On 
the two former they feed themselves or their young; with the latter 
they make the nest tight. Wax is a secretion produced by young bees 
and used to make cells for honey and comb. About 16 to 20 pounds of 
honey is said to be eaten by young bees to yield one pound of wax. 


Melipona is distinguished by having one cubital cell in the forewing 
only ; it includes the small bees which build nests in trees and cracks of 
buildings ; they are often called Dammar bees from the dark resinous 
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matter they use in making their nests. M. widua, Leps is apparently 
the only Indian species at all common and the genus is probably fotlhn 
almost wholly in forest localities. Horne has remarks upon the habits of 
M. smithir, Bingh., (Trigona ruficornis, Sm.), which he found at Benares. 


INSECTS AND FLOWERS IN INDIA. 


I. H. BuRKILL. 


The Xylocopas are the most important of flower-visiting insects in 
the plains of India, and are of very general distribution. They have 
large size and long tongues, and they visit persistently all day, and some 
of them also on moon-lit nights. The Sunn hemp crop is largely ferti- 
lised by them, and possibly the Indian pulses. Cassias in Calcutta are 
commonly visited by one of them and many large showy flowers. 

The place of Xylocopa in the plains is, in the hills, taken by Bombus, 
whose methods of work, degree of persistence, etc., are more or less 
completely known from studies in Europe. Bombus ascends to the 
snows visiting Aconites, balsams, the small honeysuckles, etc., which 
grow high up. 


The genus Anthophora has species both in the region of Xylocopa 
and the lower part of the region of Bombus ; one of its species, A. 
zonata, does great service to plants in the plains, being a diligent visitor 
often to flowers a little less showy than Xylocopa seeks, such as the 
Labiate weeds of India, and to flowers into which it creeps such as 
Costus speciosus or Ruelia. 


Of Apis the three Indian species are important. They all seem to 
have the persistence of the hive bee, keeping generally to the same spe- 
cies of plants at one spell of work, and they are all diligent ; but they 
cannot work so fast as larger insects. Whereas Xylocopa latipes was 
observed to visit 30 jute flowers per minute and Xylocopa estuans to 
visit 35 jute flowers per minute, Apis florea visited about 10—-15 flowers 
per minute (see Journ. Asiatic Soc. Bengal, 1906, pp. 516 and 518). The 
te at which Apis florea works on the extra-floral nectaries of cotton is 
sad 16 fruits per minute. The short tongue of Apis florea sends it 
] comparatively insignificant flowers. It is common in places on Cor- 
‘a us (jute), volvulus and other flowers about as broad as the insect 
A riers In the drier hills Apis indica is a very important flower- 
rerusing Insect, especially where, as behind Simla, it is domesticated. 


The effect 
‘t of the water- : 
visiting insect fa ater-logging of Eastern Bengal on the flower- 
ta a ra its ae eee be very interesting to study : Xylocopas 
= ees, Apis dorsata, Apis flor ona chr Tid 
. F iY a, L i Tea, ete.. p 5 . 
nesting species cannot, I , etc., persist ; but the ground 
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The habits of the flower-visiting shorter tongued bees are for India 
quite unstudied. Halictus is common enough in some places and H. 
senescens is recorded from Behar as having some connection with the polli- 
nation there of cotton. It is worthy of passing remark that in Europe 
some of these short-tongued bees have been found to have the very 
closest inter-relations with particular species of plants. For instance, 
Bryonia is visited by a Halictus and by little else, and the Halictus hardly 
visits anything else, but the Bryonia flowers. The tongue of Prosopis 
is very short indeed. 


Among the wasps, we find both long and short-tongued species ; Ody- 
nerus for instance is long-tongued, Vespa short-tongued. Vespa seems 
to be not unimportant in the pollination of Chiretta (Swertia Chirata) 
in Sikkim. The long-legged, slow-moving Polistes of the plains go to 
exposed honey. Sphegids, Pompilids and Scoliids may be seen in | 
India at exposed honey. 


Of Lepidoptera there are many common plains species which doubt- 
less do a considerable amount of flower pollination, e.g., Danais, Terias, 
etc. They seem to require a good deal of fiquid during the day but often 
much of it is merely water taken from a wet mud bank. The least in- 
consistent in habits are perhaps the Sphingids, which are not uncommon- 
ly to be seen flower visiting both by day and by night. Possibly some 
Hesperiids are also in a meaSure not inconsistent in their flower visiting. 


Diptera in the plains seem to play but a small part in flower polli- 
nation. It is different inthe Himalayas where large Bombyliids join the 
Bombi in going to rather specialised flowers, and where out of the Syr- 
phide, Rhingia and Eristalis are not uncommon. ‘Tachinids also have 
some importance in the hills, but perhaps not in the plains. It is to be 
assumed that our large evil-smelling Aracee attract muscids, but 
so far no thorough investigations have been made. A little beetle 
crawls into a foul-smelling Typhonium ? which grows in Lower Bengal. 


Bibionids are often common on flowers in the hills and Anthomyids 
not frequent both in the hills and the plains. 


Of the relations of other insects to flowers there is really nothing 
to remark: and it may be added here that there is an uninvestigated 
field in the study in India of flower pollination by birds. Birds at times 
visit for honey, and at times for small insects lying hid within the 
flowers. Keeble’s account of his observations on bird-pollination 
of Loranthacee in Ceylon (Trans. Linn. Soc. Bot. V, pp. 91-96), and a 
few remarks by Lieutenant-Colonel D. D. Cunningham in his *‘Indian 
Friends and Acquaintances,’’ p. 130, comprise all that has been put on 
record. (The student should also consult Mr. I. H. Burkill’s papers in 
the Journal of the Asiatic Society of Bengal, 1906, onwards.) 


HYMENOPTERA. 


Formicip“@.—A nts. 


The basal one or two segments of the abdomen are in 


the form of detached nodes. 
Ants are sufficiently familiar but the above character is occasionally 


required to verity the fact of a specimen really belonging to this family. 


They are in general small 
insects, of dul] colouring, 
usually brown or black ; 
in only afewis the length 
greater than a quarter of 
an inch and , these large 
forms will be taken for 
wasps. The head bears 


antenne which have a Fig. 124.—SOLENOS ISPGEMINATA, WORKER. 


long basal joint (scape) 

and a number of short joints (flagellum); in the males of some species 
the scape is short. The mouthparts are small, the mandibles often of 
peculiar form, The thorax is much modified in different species and 
in different forms of the same species. The legs are long and most 
species can run actively. The abdomen is distinct, in the female and 
worker of six visible segments, in the male of seven, and is usually 
larger in the female. 


Ants are social, living in communities in which there is a consider- 
able amount of specialisation of forms to serve the purposes of a useful 
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Fig. 125.—Camponorus COMPRES- 
SUS, WORKER MINOR, x 3 


Fig. 126--CAMPONOTUS COMPRESSUS, WORKER 
MAJOR, x 3. 
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division of labour; the nest commonly consists of males and females, with 
various forms of workers ; the degree to which this specialisation goes, 
varies very much with the species. Commonly there are two or three 
forms of workers, the soldier with large head and mandibles, the worker, 
major and minor, with more normal structure. A nest may consist of a 
greater or smaller aggregation of individuals and there are a few species 
which share the light-shunning habits of Termites, most nesting in soil, 
trees, etc., but working in the light. 


In habits there is the greatest diversity ; we cannot discuss this sub- 
ject in this place nor have we much that is original to add to the little 
that is known. The reader should consult the following papers :— 
Jerdon (A. M. M. H. (2), XIII, pp. 45, 100); Wroughton (Jo. Bo. Nat. 
Hist. Soc., VII, pp. 39, 179) ; Rothney (Trans. Ent. Soc. London, 1889, 
p. 355); (Jo. Bo. Nat. Hist. Soc., V, p. 38); Rothney (Trans. Ent. 
Soc. London, 1895, p. 211); Aitken (Jo. Bo. Nat. Hist. Soc., IV, p. 151 ; 


V, p. 422); Green (Proc. Ent. Soc., London, 1896); Green (Jo. Bo. 
Nat. Hist. Soc., XIII, p. 181). 


In general, the ants are scavengers, the workers bringing to the nest 
the food for the whole community. This food consists of dead insects, 


Fig. 127.--CA MPONOTUS COMPRESSUS, 
MALE, x 3. 
Fig. 128.—CAMPONOTUS COMPRES- 
. SUS, FEMALE, x 3. 


any available nutritious animal matter, the sap of plants, any nutritious 
vegetable matter that can be obtained ; in this sense ants are excellent 
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ol het 


sctically everywhere in the open, they 


scavengers and as they are pr mi, 
In some species this habit 1s spe- 


serve an extremely useful function. 
‘ a7) <a : “=8 atc 
cialised in one direction ; some are ~ harvesters,’ storing in their nests 


and small millets, occasiona 
and Phidole are the best known harvest- 


lly even that of rice. Hol- 


seeds of grasses 
comyrmea, Messor, I *hidologiton 
ing ants and these live entirely in 
‘* aoricultural’’ habit takes another form and what correspond to our 
‘‘cows’’ are kept and milked; the latter are insects which suck the sap 
of plants and yield a sweet excretion which the ants remove ; Mealy bugs 
(Coccide), Green Fly (Aphid), Psyllide, Membracide@ are the important 
aroups of ‘‘cows,’’ while the larvee of many Lycenids are attended by 
ants and yield excretion. Camponotus, Cremastogaster, Cataulacus and 
(Ecophylla have this habit as part of their activities and the care they 
take of their cattle is in some cases very marked; it 1s no uncommon 
thing to see a shelter built over a colony of mealy bug, and in South 
India Lecanium formicarti is found only under hard shelters erected 
by ants on trees. Other ants are predaceous and carnivorous, going out 


on foraging expeditions to seek live food, such as insects. Though 


this one manner. In others the 


termites live retired, they are attacked violently by some kinds of ants 
(Lobopelta). Rothney states that in Madras, two ants (Monomorium 
salomonis, Linn., and Solenopsis geminata, Fabr.) are deliberately intro- 
duced into warehouses to check the depredations of white ants. This 
practice is not uncommon in Northern India and the Natives of India 
are familar with the kind of ant which should be broughtin. The 
Ponerine and Doryline include hunting ants, 
though one species of Dorylus has also the 


termites’ habit of attacking plants under- 
ground. 


The life-history is known in a general \) 
way but not in detail: the eggs are laid by 
the female and tended by the workersin the 


nest; the larva is a white helpless grub 


without legs, which is fed by the workers. ee 
. ; PLEX EGG, NYMPH, PUPAL 
COCOON, x 8. 


and is itself incapable of exertion. These 
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the nests, and o7 
SUs, a 1e may often see . = = E 
; see the nest being moved, the little white 
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larve and pupe being carried by the workers. In some, the pupa is 
free, in others in a silken cocoon which the larva itself prepares. 


An interesting feature of ants, especially of the fiercer and more 
war-like species, is the fact that they are mimicked by other insects 
extremely closely. Sima rufongra is mimicked by a Sphegid Rhinopsis 
ruficornis, Cam., in Barrackpore and by Rhinopsis constancee, Cam., in 
the Konkan. It is also commonly mimicked by a spider, as is Sima 
nigra. Wroughton records the mimicry of a species of Polyrhachis by 
the nymph of a Coreid bug Dulichius inflatus, Kby. (Proc. Ent. Soc., 
Lond. 1891, p. XVII). 


Bingham lists the Indian species in Vol. I] of the Fauna of India, 
Hymenoptera, based on Forel’s papers (Jo. Bo. Nat. Hist. Soc., VII, 
etc.). In this volume 498 species are enumerated as Indian, of which 
those mentioned below are common in the plains with a fairly wide 
distribution. 


Doryline.—Male large and wasp-like; workers blind, subterranean. 
Female apterous, blind and like a queen termite. Pupa in a cocoon. 
Worker with a sting. 


There are two common genera, 
Dorylus with one-jointed pedicel, 
Ainictus with two-jointed pedicel 
in the workers. Dorylus makes its 


Fig. 131.—DORYLUS LABIATUS, 
MALE, x 13. 


Fig. 130.—DORYLUS ORIENTALIS nest below ground and _ behaves 


‘ORKERS. fay Beas 
dcbalce 6 much like a termite. D. orientalis 
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: . : , or at the level of the soil. 
Westw., attacks plants, eating them below yee 
The workers have been observed to attack the workers of Pheidole indica 


and carry them off to their nest, where they were killed and cut into 
to light and they are common towards the end 


pieces. The males come | 
Anictus is a hunting ant. (Jo. 


of the cold weather in late February. 
Bo. Nat. Hist. Soc., VII, p. 177.) 

Ponerine.—A constriction between the two basal abdominal seg- 
ments ; sting powerful, exserted. 

Lobopelta is said to make a sound; it feeds on termites. Rothney 
remarks of L. diminuta, Sm., that it marches in two long lines in files 
of two. Diacamma vagans, Sm., was found to be common at Barrack- 
pore by Rothney, nesting under stones or brick-work; the sting is said 
to be ‘‘pungent.’’? G. R. Dutt has observed it nesting in soft soil at 
the base of a big tree in Pusa; outside the nest were several heads of 
workers of Camponotus compressus. 

Myrmcine.—The pedicel two-jointed in all the forms. Pupz not 
in cocoons. 


Myrmicaria nests at the foot of trees with a kind of embankment 
round it. Cremastogaster is a tree ant, making globular nests of papery 
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material, or nesting in hollows in trunks or branches; nests were found in 
Mantid egg cases, the eggs having been partly removed. It has a habit 
of turing up its abdomen over the body as if threatening to use its 
sting. It bites freely and is stated to keep “ant cattle.’’ Monomorium 
destructor, Jerd., and M. pharaonis, Linn., like some later species, are 
widespread over the tropics and have probably been carried by 
shipping. WM. indicum, Forel, isnot uncommon in buildings in the rains, 
nesting in cracks in the masonry. M. gracillimum, Sm., is found 
in houses in thatched huts and on trees. A nest was found in the 
excavated pith of a dry stalk of Sann Hemp in the wall of a thatched 
hut; they have a very painful sting and are a decided nuisance in 
houses. They attend mealy bugs on plants and also carry off flour, 
fat, etc., from store rooms. Holcomyrmex scabriceps, Mayr., is the 
familiar harvesting ant of the Punjab, which gathers seeds of grass 
and millets into its nests and stores them in galleries. The nest is 
easy to find as there is a ring of chaff round it at a little distance and 
the ant’s roads can be followed to the nest from some distance. 
Comparatively large quantities of seed can be extracted from a nest 
and, in times of scarcity, this grain is dug out of the nest and used as 
food. We have seen a pint of seed taken out of one nest . 


Solenopsis geminata, Fabr., is the brown ant of India, nesting usually 
in the ground. Phidole rhombinoda, Mayr., is stated by Rothney to 
surround its nest with the leaflet of a mimosa, as a protection against 
the sun. Sima rufo-nigra, Jerd., 1s very common in India, nesting in 
trees. The sting of the female is, according to Rothney, *‘the most 
painful of any Aculeate [ am acquainted with.’’ This virulent insect 
appears in May. Nests have been found also in hollows in bamboos 
with neat round exit holes at intervals. Sima alloborans, Web., nests 
in young shoots of bamboos and in tree trunks ; when disturbed, the ants 
discharge a drop of white liquid. 


Cataulacus includes sluggish ants of a jet black colour; C. taprobane, 
Sm., nests in hollow bamboos and U. latus, For., in the branches of 
teak and siris trees. 


Dolichoderine.—Tapinoma melanocephalum, Fabr., has once been 
found to be injurious under peculiar circumstances. The workers were 
found in large numbers in small temporary chambers at the base of young 
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) grown for inoculation with wiltin a special 
oO 3 4 . 

ito just below the soil level, eating right into 
the stem and through to the bark till the plant fell over, cut completely 


off: asmuch as half an inch of stem would be completely eaten and the 
| s. not the removal of the plant but the actual soft 


tur plants (Cajanus indicus 


plot; these plants they ate 


object apparently wa | 
stem forfood. Plantsthat had been inoculated were most attacked, and 
it is possible that the tissues were specially attractive on that account. 
As a rule, this ant feeds on anything sweet and visits Aphides and Coccids 


constantly. The nests are underground, very deep and populous. 


Iridomyrmex anceps, Rog., nests in sandy soil near plants infested 
with aphids, and there are regular tracks to these plants; the nests are 
deep and several minor ones are often connected toa larger central one, 
the workers freely entering all. The eggs and larve were found abun- 
dantly in February at a depth of one inch, sparingly in July at a depth 
of nearly a foot. The workers emit an unpleasant odour; they visit 
aphids, coccids, membracids, etc., the glands of Cassia orientalis, and 


also carry off dead insects. 


Camponotine.—Pedicel with one joint. No definite sting, the poison 
being ejected from the orifice at the apex of the abdomen. Oe0ecophylla 
smaragdina is the familiar red tree 
ant of India, which makes large 
nests in trees, often enclosing mealy 
bugs in a covering of webbed leaves. 
The green females are found yearly 
in June starting fresh nests on plants, 
and these nests can be easily obser- 
ved from the commencement. The 
workers are very active and _ fierce, 
collecting all manner of dead insects 
and even living ones if these are in- 
active ; caterpillars are attacked, cut 
up and carried off to the’ nest in 
pieces. A colony will have many | 
small depots on one tree, each con- | 


sisting of anumber of leaves webbed 


Vig. 133.—OkCOPHYLLA SMARAGDINA 
WORKER, 


together and containing a colony of 
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Coccids or a store of dead dry insects. If one is opened and patiently 
watched, it will be seen that the workers draw the leaves together by 
their mandibles and legs, while others, from inside, web them together 
with silk produced from a larva held in the jaws. This is a really 
extraordinary sight and may be seen at any time. 


Acantholepis frauenfeldi, Mayr., var bipartita nest in soil at the foot 
of trees, or in hollows in masonry. They visit Aphids and Coccids, and 
also collect dead insects. Prenolepis lonqicornis, Latr., is widespread in 
the tropics; the nests are under fallen leaves or in decaying tree trunks 
and contain Pausside. 


Polyrhachis simplex, Mayr.—Nests of this species are found on low 
bushes, high trees, under bamboo sheaths, and on sugar-cane leaves. 


Fig. 134.—WEBBING OF OECOPHYLLA SMARAGDINA ON PIPAL SHOOT 
ENCLOSING LECANIUM HESPERIDUM. 
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The nest is always constructed in sucha way as cannot be easily discover- 
ed by a casual eye. A greater portion of it is covered over by leaves and 
the portion open to view is not easily recognisable, It looks from a dis- 
tance as if it were made of clay and cowdung, mixed with dry pieces of 
leaves, straw and grass. In reality it is a brown silky cobwebby mat- 
erial, over which are thickly and closely laid dry pieces of leaves, straw, 
etc. Just as Occophylla smaragdina, F., workers make use of salivary 
threads secreted by their larve in folding the edges of leaves together, 
so do the workers of this species. They catch hold of the larva between 
the mandibles and carry them over to the places where the web is requir- 
ed to be spread. The larve go on laying and stretching threads mechan- 
ically, as wanted. Other workers bring dry pieces of straw and spread 
them over the web while it is still fresh. When a nest is cut open from 
any part, a few of the workers at once rush up to the spot and plant them- 
selves as sentinels to guard the breach, while others remove larve and 
pupe or whatever there be in that portion of the nest, to a secure place. 
After the chamber opened to view is cleared of what it contained, the 
workers hold the torn portions between their mandibles and pull inwards. 
Thus the aperture is made as narrow as possible, and thena couple of 
larvee are brought and the web is drawn across the rent in the usual 
way. The whole inside of the nest is lined with the brown silky cob- 


webby material, and the partitions between different chambers are also 
made of this material, but without straw, etc. 


Ants of this species also tend cattle for whose protection they pre- 
pare byres of the same cobwebby material and covered also ina similar 
manner as their nest. Such byres were found on a sugar-cane leaf, and 
also on a weed, close to established nests of this species. Workers were 
seen going in and coming out of those cattle sheds. On removing the 


covering large clusters of sugar-cane, aphis were found in the former and 
Monophlebus in the latter shed. Workers 


; ; 
obser ved carrying a large dead fly to the 
light brown cocoons. 


August and September. 


of this species have also been 
ir nest. Pupe are encased in 
The winged sexes were obtained from nests in 


Myrmecocystus seti 
and there is often ah 
ers collect 


pes, Forel, nests in the ground in open places, 
oe eap of soil thrown outside the nest. The work- 
a insects and millipedes, and nests have been found 
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stored with the wings and bodies of winged termites which they collect in 
great quantity; the worker-majors carry the worker-minors when on 
the march. 


Camponotus compressus, Fabr., is the familiar black ant of India, the 
large worker-majors coming into houses. Nests are usually in the soil 
at the foot of a tree but occasionally in a wall. They visit Aphides, 
Membracids and Coccids and also feed freely upon termites if a nest or 
gallery is exposed. The winged sexual individuals fly at dusk on warm 
still evenings in the rains and are frequently to be seen at light. 


Fio. 135.—OECOPHYLLA SMARAGDINA ; QUEEN WATCHING OVER LARVA, 
WHEN COMMENCING TO FOUND A NEW NEST. 


COLEOPTERA.—(Beetles). 


The first pair of wings (elytra) thickened, accurateiy adapted to the body 
and completely covering the lower wings, which fold longitudinally 
and transversely in repose. Many species are wingless, and in many 
the elytra are abbreviated, not covering the abdomen. Mouthparts 
of the predaceous or herbivorous biting type. Antenne of varied 
forms. never setaceous, usually eleven-jointed. Simple eyes usually 
absent. The integument is hard ; the parts accurately co-adapted to 
form a rigid outer skeleton. 


Metamorphosis complex ; the larva a grub with complete or reduced legs, 
without suckerfeet and without tubercles bearing hairs. Silk is not 
utilised in the formation of the cocoon, but anal secretion takes its 
place; after emergence from the cocoon the imago usually passes 
through a resting period during which the integument hardens, 


The order includes minute to large insects, of varied habits, including 
herbivores, predators, scavengers, both aquatic and terrestrial, with 
no social and scarcely any parasitic forms, 


No order is so easy to recognise as this, and only in rare cases, where 
the elytra are much reduced or are soldered together, will a beetle appear 
different. Looking at a beetle from above, the antennx, the large pro- 
thorax, the scutellum, the elytra and the pygidium (plate over the anus) 
are Seen, except where the last is covered by the elytra. The large wings 
are folded below the elytra. Looking from below, the antenne can be seen, 
Inserted below the head, the large mandibles and the labium, with usually 


two pairs of palpi; the legs, with the coxa embedded in the sternum, the 
trochanter, femur, tibia, tarsus. 


as shown in figure 137: 
the apical thre 
the 


The antenne assume different forms 
Zz in |, the basal joint is elongate and forms a scape, 
e@ x~ Yr e 2 

Joints form a club and the remainder form a funicle, 


whole antenna bej 
» being elbowe Heresy AS ee eae 
g d (Rhynchophora); in 2, the antenna 


is simple, filifor eno. eat 
see m (Phytophaga); in 3, it is moniliform, each seg - 


d 


(Sternoxt):in 5, it is ¢ 
);1n 5, it is clubbed, the three apical segments expanded on both 


sides (Clavicornia): in 6. it ie £1; 
) L i eS ke 1s filiform 4 R Sa te Ale 
, Adephaqa) : 

the club formed of leafle (Adephaga) ; in 7, it is clubbed, 


ts closely folded together (Melolonthide) ; in 8, 


———— — —— 


STRUCTURE, 935 


it is irregularly clubbed (Hydrophilid@) ; in 9, it is incompletely clubbed, 
with the leaflets not forming a compact mass (Lucanida). 


27 UJ 
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Fig. 135.—LUCANID BEETLE, MALE, DORSAL VIEW. MD., MANDIBLE; PROTH., 
PROTHORAX ; SCUT., SCUTELLUM ; ELY'T., ELYTRON ; PYG., PYGIDIUM. 


The tarsi are composed of five joints in some forms, of four or three 
in others; in one division (Heteromera) the tarsi of the first two pairs of 
legs are five-jointed, of the third pair, four-jointed. In the Phytophaga 
the tarsi appear to be four-jointed, the tiny fourth joint being invisible 
at the base of the fifth. 

There are characteristic features in the immature stages which mark 
the group as a whole. Eggs are of two types, the soft oval eggs laid in 
concealment, the harder variously-shaped eggs laid openly. The latter 
are not ornamented as are those of the Lepidoptera, are not of the form 
characteristic of Hemiptera with lids, nor of the typical Dipterous cigar- 
shaped form. The larve are without suckerfeet, and if free-living, 
frequently have the single anal tube, which functions as a suckerfoot, as 
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well as two dorsal cerci or processes. The hairs or hanes on tubercles 
arranged as in Lepidoptera are not found ae ee and en if 
hairy, have long tufts not arranged in Serer: D0 a va gee: e Soe 
fused with the Coleopterous larve which live free Aves, the characters 0 
Neuropterous, Hymenopterous, Lepidopterous © Dipterous larvee be- 


ing wholly different. 


Fig. 136.—LUCANID BEETLE; FEMALE, FROM BELOW. ANT., ANTENNA; MD., 
MANI IBLE ; LB., LABIUM; E., EYE; C. 1., C.2., C. 3., COX OF LEGS; 
T., TROCHANTER ; F., FEMUR, TI., TIBIA; TA., TARSUS. 


There are a few prominent points about Coleopterous larvee that we 
may notice here. The tarsi are two-clawed in the Adephaga only (except- 
a g Haliplide from these). Anal cerci occur only in Haliplide, Hydrophil- 
ide, Silphide, Scaphidiide, Staphylinide, Histeride and Elateride in 
part, a8 well asin the Adephaga. If we except the above, the larve of 
all have legs except Bruchide, part of Cerambycide and Buprestidae. 
Uniting all| the above, the Scarabroid (white, curved, wrinkled) grub 
occurs only in Scarabeide, Melolonthide, Lucanide, Passalide, Ptinide, 
Bostrichide and part of Chrysomelide (e.g. Clythrine). In Pi Dee 
tide, the body is clothed in long fine barbed sete, usually aggregated 
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behind into tufts. All aquatic larvee coming into none of the above 
divisions are either Dascillide, Parmde, Haliplide or Chrysomelide 
(part). In a number of families not included above, the apex of the 
abdomen is provided with prominent chitinised processes and the 
apical segment is harder than the others. These include Rhipiceride, 


Fig. 137.--ANTENN®&, 1 CORCULIONID, 2 CHRYSOMELID, 
3 CANTHARID, 4 ELATERID, 5 EPILACHNID, 6 CI- 
CINDELID, 7 MELOLONTHID, 8 HYDROPHILID, 9 
LUCANID. 


Trogositide, Colydude, Mycetophayide, Melyrine, Cleride, Melandryide 
Pyrochroide, Mordellide, Tenebrionide (part), Cioide, Lagriide and 
Elateride (part). The remainder exhibit none of the above general 
characters. More detailed characters for each family are given below, 
but these are based less on Indian species than'on European or 
American larve. The number of larve of Indian beetles actually 
known is very small. | 


Pupation takes place openly (the pupa fixed at the tail), or in a 
cocoon of mud, of anal excretion or of fibres, never of fine woven silk. The 
peculiar resting stage of the newly emerged imago, while not universal, 
is general enough in forms whose pupz are hidden as to be worth noting. 

Classification.—The beetles are divided into series upon characters 
based upon the antenne and tarsus as follows :— 


Lamellicornia.—Tarsi five-jomted; antenne with apical joints 
expanded in leaf-like form and forming a club which can be opened and 
closed (figure 137, 7, 9). Four families. 

Adephaga.—Tarsi five-jomted, Antenne simple. Nine families. 

Polymorpha.—Tarsi variable ; antenne usually clubbed or serrate. 


57 families. 
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Heteromera.—Anterior tarsi with five, hind tarsi with four joints. 


15 families. 


Phytophaga.—Varsi with apparently four joints, densely ‘pubsseene, 


3 families. 

Rhynchophora.—Tarsi as in Phytophaga, head more or less prolong- 
ed into a rostrum. 4 families. 

In actual practice, it 18, as a rule, easy to place a beetle in one of these 
series. The peculiar antenne marks the Lamellicornia instantly. The 
tarsi and simple antenne distinguish the dAdephaga. Heteromera 
are distinct by the tarsi ; as Phytophaga and. Rhynchophora have the same 
tarsi in most cases, the beginner will confuse some forms ; but the simple 
antennex of the Phytophaga, and the usually clubbed and elbowed antenne, 
as well as the usually evident rostrum, of the Rhynchophora, clearly mark 
all the common species of each series likely to be met with. All other 
beetles, especially if with serrate or clavate antenne, are Polymorpha, 
a series that includes the old Serricorn and Clavicorn groups, and in fact 


is an assemblage of all that are not clearly of one of the five distinct 
series. 


The classification of the species that fall into each series is by no 
means simple and no agreement will be reached until more is known of 
tropical forms. Especially is it difficult to fix the families and the 
student will find very diverse views expressed in various books. We treat 
Melolonthide as a single family ; there is little reason why it should not 
be regarded as consisting of several families. Chrysomelid@ are another 
large assemblage that could justly be regarded as at least 11 and more 
probably 15 families, as is done by some authors. We have preferred 
% retain these as sub-families, but the student will have no difficulty in 
finding the equivalents of any families he may see discussed by writers. 


3 When a particular specimen has been placed in its series, there may 
9e More or iffi i idi : 
eel ar e difficulty in deciding on its family. There should be no 
auineult 1cor 
: ulty in t 1e Lamellicorn, Adephagous, Phytophagous, or Rhyncho- 
or “OVI 
. pie oe provided the characters mentioned are compared. For 
le other series, no keys or suffici 
sumcient characters can be giv - 
ing the few larger families, v | Menfoss= 


and w ery little is known of the smaller families. 


hile it is possible to give characters based on Eu 


eee ei ropean or American 
species, these distinctions may not 


always apply to new and undescribed 
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Indian species, which alone the student is likely to find. We enumerate 
the diagnostic characters of the families known in India, with the reser- 
vation that these diagnostic characters are not as sharply marked as in 
other orders and that, outside the larger families, the logical use of these 
characters in referring an obscure beetle to its family may lead the 
student astray ; if a beetle is shown to belong to asmall obscure family, the 
specimen should be compared with specimens or good figures of others of 
that family to verify the determination. In Coleoptera more than in all 
orders, it is very difficult to place specimens that evidently do not belong 
to the larger families, owing to our ignorance of the Indian representa- 
tives of the smaller families. 


In no order is the mere rudimentary sorting out of species into 
groups rendered so difficult as in this, not merely because of the com- 
plexity of the order, but because of the want of agreement among those 
who study this order. Had the general body of Entomologists any 
‘* business sense,’’ a working scheme of classification to last, say for 50 
years, would have been evolved and then the necessary and radical changes 
caused by further knowledge made at once; asitis, two authors disagree 
in a striking manner; they adopt fresh groupings arbitrarily and the 
student is from the commencement bewildered with conflicting terms. 


For our purpose, a knowledge of the main lines to be adopted in the 
Fauna would have sufficed, but failing this, we have adhered to the classi- 
fication given in Sharp’s Insects, the standard in our work for the past, 
with a modification from Ganglbauer’s views as presenting no radical 
changes and as possibly anticipating future views. The earlier authors 
based the main divisions upon the antennal and tarsal characters 
and it is only lately that authors have gone deeper into the matter 
and used both the wing venation and internal characters. This is, from 
the systematist’s point of view, an advance, and those who wish to study 
the relationships of beetles, will do well to consult the paper by Gangl- 
bauer (Munchener Koleopterologische Zeitung, Vol. 1); unfortunately 
such characters are useless in every-day work of classifying and arrang- 
ing specimens and we have been compelled to disregard this aspect in the 
endeavour to give characters which can actually be used in sorting out 
ordinary collections. The result is, that while nine-tenths ofa collector’s 


captures will be readily sorted and placed, there will always remain a 
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placed - to those who wish to go more deeply 


tl ich e t be so 
sroportion which canno | | : 
ve d the voluminous literature ; to those who 


2commen 
into the subject, we rec 
simply want to know where to place the specimen, we would suggest 


sending it to Pusa. For ordinary daily working purposes, ere ee 
beetle can be placed at sight ina family at least ; to keep pace with changes 
‘n classification, to be able to place all beetles more or less accurately: 
one would have to drop all other work and become an expert in Unis one 
subject, a matter of many years of study. We have tried to give the 


essentials only of such a study. 


A complete list of families will be found at the commencement of 
the volume where we have placed important families in heavy type, and 
families not known to be represented in India in italics. We have not 
tabulated sub-families in this list as these divisions do not imply groups 
of insects so distinct in habits or structure that the student. should 
take heed of them. 


Apart from the naturalists who collected in India or obtained speci- 
mens from this country in the early part of last century, and whose work 
jaid the foundation of our knowledge of the common species, the work of 
a limited number of collectors in recent years requires notice. Thus, 
Father Cardon collected in Chota Nagpur and Kurseong (see Ann. Soc. 
Ent. Belge., 1890—1894); the collections of Messrs. T. R. Bell in Canara, 
of H. E. and H. L. Andrewes in the Nilgiris, Anamalais and other South 
Indian hill districts (loc. cit., 1895—1905), of Doherty in Manipur, Bur- 
mah, etc., the visit to India of Mons. Maindron (see Ann. Soc. Ent. Fr., 
1903 onwards) and the visit of Mons. Harmand to Darjeeling (Ann. Soc. 
Ent. France, 1903, p. 108) have borne fruit in description of new forms, in 
lists of existing known species and so on; these collections, however, 
scarcely affect the real India (Mons. Maindron’s visit alone excepted), 
nis ee areas were from hill localities like Darjeeling with its 
to Dunner: ae Hes Bile eee te 
Sale eee saa nn. Mus. Genova, 1892 et seq.) and of the 
5 eee pene ; aye and Dr. Horn to Ceylon. The student 
ae eres la’ * will owe a debt to these workers, but 

ely any such workers in India proper. 


We have endeavoured to refer to most 


important papers or to give 
some clue to where the student may : : 


find literature ; but this literature 


LAMELLICORNIA. 241 


is practically wholly concerned with systematic work and descriptions of 
new species ; the student will look in vain for any biological work, of any 
kind almost, prior to the beginning of this century and it is yet to be 
done. There is an abundant field here for observers and, it is no exag- 
geration to say, that while thousands of forms have been examined, 
described, named, listed and put away in Museums, we have accurate 
data of the lives of not one in a thousand of these species. 


We have had, therefore, to confine ourselves in these pages very large- 
ly to generalities, and we do this simply to guide the student and would- 
be observer in the direction he will probably have to go. Where we have 
accurate data, they are given in such detail as is possible, which must 
of necessity be brief. | 


LAMELLICORNIA. 


The tarsi are five-jointed, the antenne have the apical joints dilated at one 
side, so that a more or less compact club can be formed by the approxi- 
mation of the lamellar expansions. 


It is only in very rare cases that any confusion as to this well mark- 
ed division can arise and these beetles are readily distinguishable at sight. 
The number of species is large, nearly one-tenth of the known species of 
Indian beetles coming into this series. They are commonly divided into 
three families, Passalide, Lucanide and Scarabaeidae, the last divided 
into five sub-families. It is, however, better to distinguish the Coprine 
as a separate family, and we have here adopted the arrangement into 
four families, retainmg the name Scarabeide for the Coprine. The 
arrangement is as follows :— 

1. Passalide.—Antennal club imperfect. Elytra covering the 
pygidium. Labrum large and mobile. 

Il. Lucanide.—Antennal club imperfect. Elytra covering the 
abdomen. Labrum small and indistinct. 

Ill. Scarabeide.—Antenne fully clubbed. Elytra not covering 
the pygidium. 

1. Coprine (Scarabeide).—No abdominal spiracle visible out- 
side the elytra, all being on the connecting membranes of dor- 
sal and ventral plates, in one line. 
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IV. (Melolonthide) 2. Melolonthine.—Three basal spiracles i 
connecting membranes, three apical slightly diverging an 
usually one visible beyond the elytra. 

3. Spiracles in two lines, three on connecting membranes, three 


visible outside the elytra, on ventral plates. 
(a) Ruteline.—Claws of tarsi of unequal size. 


(b) Dynastine.—Claws equal. Fore coxe sunk, not prom- 
inent. 


(c) Cetoniine.—Claws equal. Fore coxe prominent. (Scu- 
tellum large). 


This arrangement 1s in accordance with the larval and imaginal 
habits as well as with the structure. The habits may be summarised 
as follows :— 


Passalide, Lucanide.—Larve feed in decaying wood. 
Scarabeide.—Larve feed in dung. Imagines feed on dung. 


Melolonthide.—Larve in soil feeding on the roots of plants, in 
decomposing vegetable matter, in manure heaps, in ants’ nests. 


Imagines feed on leaves, or on flowers. 


In this group the larve are all white, soft, curved in ventrally, 
and much wrinkled, with a brown head, no ocelli as a rule, three pairs of 
well-developed legs and usually a much developed apical abdominal seg- 
ment. This type of larva (Scarabeoid) is found also only in Ptinide, 
and some case-bearing Chrysomelide (Clythrine) 


PASSALIDA. 


Lamellicorn beetles in which the antenne, in re 


pose, curl to bring 
the lamelle tog 


ether and in which the elytra entirely cover 
the abdomen. Labrum large and mobile. 

These beetles are, as a rule, 
form. They are brown or black 
thorax large, flattened and shiny, 
punctures, and entirely covering t 
cylindrical. All 
TOUS ; 


generally recognisable from the general 
insects, in length up to one inch, pro- 
the elytra elongate, with ten lines of 
he abdomen. A few Indian species are 
are a shining brown or black, the dorsal surface glab- 
none are very small, most are of moderate to large size. The head 
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is in some species distinctly roughened and knobbed above : the charac- 
teristic antenne are folded back under the head or are extended in front: 
the large toothed mandibles meet just beyond 
the edge of the clypeus. The legs are strong, 
the fore tibiz broadened and suited to digging, 
the posterior legs more slender, the tibiae with 
long brown hairs. A feature of these, as of 
other lamellicorn beetles which live in decaying 
vegetable matter, is the presence of abundant 
fine brown hair on the legs and lower surface of 
_ the body. 
The larvee of insects of this family are found » 
in decaying wood in forestsand are large fleshy 
insects, similar in form to other Scarabeid 


Fig. 138.—BasILIANUS 
STOLICZK A. ; 3 ; nae a 
larvee, with the first pair of legs reduced in size 


and functioning as stridulating organs. The anal opening is transverse, 
the upper lip indented longitudinally. The imago lives also in decay- 
ing wood, under the bark of trees and among decaying vegetation. 
They are most abundant in forests and not found in the cultivated 
plains. A caustic fluid is secreted by some species, serving probably 
as a protection. They are almost wholly forest species and may be 
met with rarely in moister cultivated areas of Hast and South India, 
not in the dry plains. 


Stoliczka remarks that Passalide are met with only in parts of 
India with a Malayan fauna; he lists 23 Indian species, from South India, 
Eastern Bengal, Burmah, etc. Basilianus is the commonest genus. (J. 
Asiat. Soc. Bengal, XXII, p. 149.) 


Lucanipa.—Stag Beetles. 


The antenne do not curl, the club being indistinct ; the elytra cover 
the abdomen, the labrum is small and indistinct. 


Beetles of large size in which the simplest distinguishing character 
is the large mandibles of the males, which project forward as two large 
and formidable jaws. These are, in the female, of moderate size and not 
conspicuous. None are small insects, the length varying from 1} inches 
to over four. The colouring is brown and black, as a rule, sombre and 


dull. as in other beetles of similar habits. 
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Fig. 139.—Lucanus LUNIFER, MALE. [I. M. N.] 


projecting ridge, producin 
prothorax is large and s 
legs are long, the tibix 


The beetles live j 
function of the ver 
not clear that they 
their development a 
those with fully dey 


g a small upper and a large lower eye. ae 
mooth, the elytra is smooth and shining. c 
broadened, the tarsi long and conspicuous. 


n decaying trees and the males fly at night. he 
y large mandibles is not always apparent and it is 
use them; there ig great variation in the degree of 
nd intermediates from those resembling females to 
eloped mandibles are found. (See page 189.) 
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The female lays her eggs in a decaying tree, the larvex living upon de- 
caying vegetable matter. The larva is a large fleshy insect, distinct 
from Passalid larve by the 
equal development of three 
pairs of legs and the long- 
itudinal anal slit, closed by 
two lateral lips. 


Lucamde are widely 
spread and find their greatest 
development in the Eastern 
Himalayas and Assam, 
where a great number of 
species, often of large size, 
occur. They do not occurin 


the plains and no species re- 


Fig. 140.—LUCANUS LUNIFER, FEMALE. 
(1. M: N:] 


quire mention. We figure Lu- 
canus lunifer, Ho., one of the 
commonestin the Himalayas. Westwood figuresa number of the Indian 
forms (Cab. Or. Entom., 1847). No species are of economic importance. 


Thomson (Ann. Soc. Ent. France, 1862, p. 392) lists 36 Indian spe- 
cies which are only a proportion of the known species. The principal 
genera are Lucanus, Hexarthrius, Cladognathus and Dorcus. Parry 
catalogues the family in Transactions of the Entomological Society, 
London, 1864, pp. 1—113, listing 70 Indian species. Felsche published a 
later catalogue in 1898 on which Boileau’s remarks should be also seen 
(Ann. Soc. Ent. France, 1898, p. 401), and since then Albers listed the 
Kurseong species (Ann. Soc. Ent. Belgium, 1903, p. 69). Altogether 
about 100 species are recorded ; some of these may prove to be forms 
of the same species, the great sexual differences having led to the mul- 


tiplication of species founded on an insufficient number of specimens. 
ScaRAB AID A.—Dung-Rollers. 


Antenne with a knob of closely folded leaflets. Klytra not covering 
the pygidium. Spiracles in one line, on the connecting 
membranes and all covered by the elytra. 


A large group of small to large beetles, usually of sombre colours, 


some few metallic blue or green. The body is round, thickset, the head 
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projecting forward as a flat plate, beneath which are the mouth parts. 
The prothorax often has projections and the head a process or spine, or a 
number of teeth on the anterior 
edge. The hard rough elytra 
cover the abdomen completely, 
with the exception of the 
pygidium. The legs are large 
and powerful, the tibize broad- 
ened and spined at the apical 
half, the tarsi slender. In the 
larger species the fore tarsi are 
commonly absent. The robust 


spherical body, the large broad- 
ened legs, the platelike head, 
the spines or projections on 
head and prothorax are extremely characteristic, and the bodily 
structure is specially modified in connection with the peculiar habits. 


Fig. 141.—HELIOCOPRIS BUCEPHALUS, 
MALE. [F. M. H.] 


Throughout this large sub-family the habits are, so far as known, 
fairly uniform. The beetles collect in dung. feeding upon it and making 
it into balls which they roll over the surface of the ground and take into 
the soil, where they either feed upon it or use it as food for their young, 
dividing it into portions in each of which an egg is laid, and which the 
larva inhabits and gradually eats. The flat head is used as a shovel in 
these operations, digging out the food. shaping it and consolidating it ; 
the long legs assist the beetles in rolling these pellets over the ground and 
cau ae 4 excavating or enlarging holes in the ground. 
beetles and the spot i bs ce nee ae ee = ee 
na és i: ene eal at once with these active and 
1 ear a n sight ue see beetles rolling these pel- 

y larger than themselves, rapidly along the soil and their 


antics are usually very or 
aa hiiag y Very grotesque. All do not roll dung, some (the small- 
er species) making a tunnel bel . 


q 3 Oe y Hn a ? 


The ae : 

, e end of the tunnel is filled with dung fairly 

yeet ‘ 4] har : . Soe We ; 
les either feed upon it, remaining over it and 


&@ lone mass of excr 1 i 

‘ong mass of excrement is deposited, or they lay an 

ute footless crub fee | | 

seems to be t] : 
ve the period of 


closely packed: the 
devouring it while 
egg in it, the wl 
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of the life-history of few Indian species have been observed, and many 
forms fly in the rains. Elsewhere careful observations have been made 
and the extremely interesting accounts of M. Fabre should be read by 
every student. (There is an English translation of M. Fabre’s first 
volume entitled “Insect Life ;”’ the original volumes are in French, under 
the title ‘Souvenirs Entomologiques”’). Major Popham Young sent 
a large ball found eight feet below the surface of the soil in Patiala when 
excavations were being made for a house, which was evidently the ball 
containing the larva of a large Copride. Sykes gives an account of the 
finding of the immense balls made by Heliocopris midas in Poona in the 
soil. One ball remained thirteen months before the imago emerged, 
another sixteen months. During this time the insect was in the larval 
and pupal stage, and the life-history would occupy probably two years. 
(Trans. Ent. Soc., London, Vol. I, p. 1835.) A few (Onthophagus) attack 
decaying animal matter and these are the little beetles which so prompt- 
ly remove the larger dead insects ; the disappearance of dead locusts is 
matvellously quick, and the powers of smell of these beetles must be 
very acute to bring them so quickly to the scene. A few are found in de- 
cayed trees. The larve are never seen and live below ground. 


The members of this family exercise a very important function in 
the economy of nature ; not only do they cleanse the surface of the earth 
of the excrementitious matter deposited on it, but they carry into the 
soil quantities of this valuable manure that would otherwise become des- 
sicated on the surface and with the first heavy fall of rain, would be wash- 
ed away and carried down in the streams and rivers to the sea. A very 
great quantity of manurial matter is probably rendered available in the 
soil by the activities of these insects, and though it is not possible to 
definitely estimate the effect of their work, it is certainly a very consid- 
erable one. Species have been imported to the Hawaiian Islands in 
the hope that, by destroying the droppings of cattle quickly, they may 
reduce the numbers of the Hornfly (H@matobia serrata) which breeds 


there. 


Sound is produced in a variety of ways, by friction of two parts of 
the body. In Bolboceras, the male has a corrugated expansion of the 
lower surface of the head, and by moving his head up and down, he 
rubs it against the edge of the pronotum, producing a squeaking noise. 
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xv the abdomen rubs against a raised vein in the elytra. In Helo- 


in L'ro | 
a rotation of the hind coxa, the 


copris bucephalus, sound is produced by 
posterior and internal edge rubbing against the sharp edge of the socket 


wheezing ’’’ noise. 


66 


and producing a curious 
This large family may be divided into seven sub-families as 
follows :— 
I. Antenne 9 or 10 joints :— 


A. Posterior legs with one spur. 1.  Scarabaene 
(Coprine.) 


a. Posterior legs dilated gradually. Scarabaewnt 
(Ateuchina. ) 
b. Posterior legs dilated suddenly. Coprint. 

B. Posterior legs with two spurs. 

a. Metathoracic parapleure simple. 
Antennz 9 joints. 2.  Aphodiune. 
Antenne 10 joints. 3. Orphnine. 

b. Metathoracic parapleurx appendicu- 

late. 4. Hybosorina. 
Il. Antenne 11 jointed. 5.  Geotrupine. 
Ill. Abdomen with five ventral segments. 6. Trogine. 
IV. Tarsi very long. 7.  Glaphyrine. 


At SS tea iptge HM SBS included in the Scarabaeini 
(Ateuchinx ) with over 30 Indian species. Scarabaeus (Ateuchus) includes 
fee of the larger European forms, and but few Indian. S. gangeticus 
i . is the on plains species. Sisyphus and Gymnopleurus include 

common small beetles with long legs found at dung in the plains. 


S. longi iv..j 

sect ee ake ae of the more abundant species, a small black in- 
on roads in April; it makes balls of dun about twice i 

Own size; usually two are found 6 bypass 
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rolling the ball to a spot where the soil is loose and then, by digging the 
earth away below it, burying it to a considerable depth. Caccobius in- 
cludes five species, one occurring in the plains and of which nothing is 
known. Coptorhina and Caccophilus occur in the hills. 

Coprini.—The majority of Indian species are included in this divi- 
sion, over 100 species occurring in India proper. Catharsius molossus 
Linn., C. sagax, Quens., and C. sabaeus, Fabr., are common, moderately 
large black insects that fly at night and come freely to lights in the rains. 
Copris is represented by C. repertus, W|k., which flies in the hot weather 
and at the first rain. Heliocopris bucephalus, Fabr., and H. gigas, L. 
(midas F.) are the giants of the family, large thickset beetles with very 
powerful legs and greatly chitinised prothorax. Onitis is well represent- 
ed, moderate-sized beetles, of an olivaceous brown tint, without the exu- 
berance of horns and tubercles of the previous genera. Onthophagus 
comprises a very large number of usually small forms with very varied 
developments of horns and tubercles in the males. They are common 
in the dry hot weather and while some come to dung, others feed on dead 
insects ; the abundant locusts that died after egg-laying at I[gatpuri in June 


Fig. 142. —ONTHOPHAGUS , LONGICORNIS ; LARVA, EGG IN BALL, IMAGO, 
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1904, were fed on by Onthophogus gravis, WIk., and the bodies very quick- 
ly destroyed. Onthophagus longicornis, Deyr., has been reared from larve 
found in balls buried to a depth of three to five inches below the surface 
immediately under cowdung. Each ballis oval, the long axis about twice 
the short, about # inch long. This ball is hollow, and the single white 
egg is fixed inside. The larva feeds on the ball, leaving the coarser outer 
shell and then pupates within. The larval life lasts for 21 days and the 
total life from egg to imago is, in May and June, about 5 weeks. At 
other seasons these beetles are foundin the soil. Many of our commonest 
plains species are undescribed and no observations appear to have been 
made on their habits. Over 60 species are recorded and many remain 
to be described. Oniticellus cinctus, Fabr.,a black species with yellow 
fascie, and O. pallipes, F., a dull brown species, are abundant in the 
plains ; the latter has been reared from eggs foundin dung-balls buried 
three inches underground. The eggs are attached each to one end of the 
cavity in an oval ball ; the larva has the first few segments of the abdo- 
men much drawn out and enlarged, apparently for the reception of the 
alimentary canal which is more than double the length of the body and 
bent back upon itself more than once, being also very capacious and 
filled with food. In habits and appearance it differs little from that of 
Onthophagus longicornis described above. The larval and pupal life 
together occupy about 19 days. 


Drepanocerus is represented by the tiny D. setosus, Wied., common 
in cowdung. 


Aphodiine.—These beetles feed in dung, the larve being found in 
the dung-mass. They are small, brown or black species, cylindrical in 
form and readily confused with the Carabids of the Scaritine division. 
Aphodius is the principal genus, with over twenty Indian species record- 
ed; they are extremely abundant in the rains coming to light in great 
Reps Aphodius has been reared from larvee found in a dung ball 
ie = asa Ba ails inhabit one mass, the eggs they hatch from 

. Trent parts of the ball. ‘The Jarve areof the typical 


form, white, wrinkled and bent, with well developed legs. They pupate in 
round black cocoons. apparentl ; 


place pezuly. Dy biting through tl 
and pupal life toget] 


y made of excrement, emergence taking 
te cocoon, partly by bursting it. Larval 
er I-A re . . 

“t Occupy about sixteen days in July-August. 
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Rhyssemus includes very small species, resembling Scolytids; 
Rhyssemus germanus, Linn., is the common species in Bengal and Behar, 
and has been seen flying in very great numbers in warm still evenings in 
March. Chetopisthes is recorded by Wassmann from nests of Termes 
obesus in India and may be obtained by digging into the large central 
nests and fungus chambers. 


Orphnine.—Orphnus and Ochodaeus are Indian, with several 
species. Orphnus picinus, Westd., is common in the Himalayas, where it 
makes tunnels in the soil below masses of cowdung, carrying the dung 
down to fill the ends of the tunnels, its larve being found in the dung- 
mass. 


Hybosorine. Represented by Hybosorus orientalis, Westd., and 
Pheochrous indicus, Westw., the latter not uncommon in the plains. It 
is a flatter insect, with the appearance almost of a Tenebrionid. 


Geotrupine.—These are nocturnal insects, found abundantly in the 
rains and coming freely to light. Their habits appear to be practically 
unknown in India ; Boucomont says of the group in general that they dig 
iong vertical tunnels in the soil where they remain by day, and where 
their larve live; the beetles feed on dung and fly at night in search of it. 
Lethrus and its allies are remarkable for living in couples in burrows and 
feeding on the shoots of plants, but none are recorded as Indian. 
Boucomont has listed the species (Gen. Ins. 1902), mentioning as Indian 
Geotrupes (9), Bolboceras (26), Athyreus 
(2), Ceratophyus (1). B. quadridens, F., 
and B. subglobosus, Westw., are our com- 


mon forms. 


Trogine.—Four species of Trox occur, 
(Harold Col. Hefte, IX, p. 1), the common 
plains forms being T'rox indicus, Hbst., 
T. omacanthus, Har., both quite common, 
They feed on hard dry excrement, which 


appears to be their normal food, with small 


Fig. 143.—Txox inpicus, carcases and dead insects. 
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Antenne with a knob of closely folded leaflets. Elytra not covering 
the pyygidium. One or three spiracles visible beyond the elytra. 

This very large family includes the familiar cockchafers, moderate- 
ly large thickset beetles, the head small, the prothorax large and round- 
ed, the abdomen, with the elytra, hard, 
round and robust. The forelegs are com- 
monly broadened and_ fitted for digging 
in the soil. The posterior legs are strong, 
often well spined. Wings are present and 
the beetles fly well. The trachez contain 
dilations which are inflated before flight, 


thus increasing the volume and reducing the 


specific gravity of the insect as a whole. ie 144 Pe EEE 
Stridulation of one hard part of the body i ee 
against another is frequent, a variety of 

sounds being produced. Sexual distinctions are well marked in some 
by prominent secondary characters. The larve are fleshy soft grubs, 
the body wrinkled and curved in an arc ; the head is large, the apical 
abdominal segment very much developed. Legs are present but are 
uttle used. The four sub-families are distinct: their characters are 
enumerated above (page 242), 


MELOLoNTHIN #.—Cockchafers. Moderate-sized beetles, with robust 
bodies, the elytra covering all but one spiracle, the legs only slightly 
broadened and without horns or spines on head and prothorax ie 
are mostly dull-coloured insects, brown predominating in the Sate tes 
tion, and they vary in lengthfrom a quarter of an a, Pee i i 
antenne are short, with the knob composed of one ana ‘i tl ; 
cae than in the female, the leaflets also longer in a males : re 
ia fee ‘ ae the elytra generally smooth and fitting tightly to 
a] ren. ‘The legs are moderately long, fitted for walki | 

ess degree for digging. e r walking and to 
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folds in the skin and three pairs of short jointed legs. The mouth-parts 
are of the usual mandibulate type and the food is principally roots and 
underground plant tissues. The larva moves actively in soil, but is com- 
paratively helpless on the surface, the curved body interfering with loco- 
motion. When full-grown it makes a mud cell and transforms to a 
pupa in the soil. The length of the life-history is not known and may 
occupy one, two or three years as it does elsewhere though there is at 
present no reason to believe it occupies longer than one year. The imago 
flies by night and comes to light. ‘The forewings are not moved in flight 
but are held rigidly and apparently serve for a parachute and as direct- 
ors of flight. The food consists of vegetable matter, leaves and flowers 
being eaten at night, the beetles hiding by day. Few are active by day. 
but some may be found clinging motionless to grass stems. 


The destructive species are so on account either of the destruction 
to roots by the larva, or the destruction to leaves or floral organs by the 
imago. In Europe immense numbers of Melolontha vulgaris constitute 
a very formidable pest in both stages and immense multitudes of these 
insects occur. Nothing of this kind has yet been observed in India, and, 
though species are plentiful, the enormous multiplication of any one 
species does not seem to take place and the place of the Melolontha in 
Europe is here taken by the Rutelid Anomala. The grubs of Melolonth- 
id@ are the prey of Scoliide which seek them out and lay their eggs upon 
them, after they have been parasitised by stinging. 


The number of species is very large and no complete list of Indian 
species exists. A number were described and listed by Brenske i: 
Indian Museum Notes. The classification of such large numbers of insects 
is a very difficult matter and the sub-family as a whole is not studied to 
the extent it deserves. The identification of Indian forms is possible 
only by systematists with large reference collections and libraries at hand 
and cannot be undertaken at present. ‘The more common species of the 
plains are figured (I. M.N.) and we can only advise collectors to collect 
patiently, to sort out their specimens into species under numbers and 
hope to get them identified as occasion may offer. The species of the 
Indian Museum were listed by Barlow (Indian Mus. Notes, IV, p. 254). 
The Hoplini include only Hoplia and Ectinohoplia with less than twenty 
species mostly hill forms. The Sericini have been monographed by 
Brenske (Die Serica-Arten der Erde) with 103 Indian species, Serica 


254 COLEOPTERA. 


lugubris, Brsk., is a moderate-sized black species found commonly at light 
in the plains. S. indica, Blanch. has been reared from larvee feeding on 
the roots of cane in Behar and is one of the most common species. 
Macrodactilini include one species, Dejeania alsiosia, BI., a moderate-sized 
brown pubescent species which is found in the plains in June. The 
Melolonthini include over 160 species, chiefly in the genera A pogomia, Schi- 
zonycha, Lepidiota, Holotricha (Lachnosterna), Bramina, Hoplosternus 
and Melolontha. They are the larger cockchafers of the plains, most 
abundant in the moister areas. Apogonia carinata, Brsk., is a shiny black 
species of moderate size which is found passing the winter under the bark 
of trees. A. proxima, Wat., is extremely like it and is found flying in 
June. A. uniformis, Bl., is also common, a smaller brown species which 
comes freely to light during the rains. Schizonycha xanthodera, Bl., is a 
larger species, which flies during March and April. Lepidiota includes 
the very large species found in forest localities as a rule; one species 
L. rugosipennis, Bl., is found in the plains, though rarely. 


Rutel‘ne.—Lamellicorn beetles, with three spiracles on the mem- 
brane between the dorsal and ventral plates, three on the ventral 
plates and visible, with the claws of the tarsi of unequal size. These 
are moderate-sized insects, in general form closely similar to the 
Melolonthids. Many are brightly coloured, blues, greens and browns 
predominating, and Many are sombre. 


The life-history of one species is known, this being the common 
cockchafer of the plains, Anomala varians, Oliv. The stages are fully 
illustrated in Plate XTV and the details of the life-history are given in 
full elsewhere. (Mem. Agri. Dept. India, Vol. 1 I.) The life-history occu- 
Pies one year ; eggs are laid in the soil in the early rains, which increase 
in size and weight after laying. The larva lives in the soil eating the roots 
of rice, bajra and other cereals. It rests in the soil from September, 


pupates in March, April oy ‘ 
fe tiat prul or May, and the Imago emerges, after about 
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Tin i ie eumbel of Species occur in India, one subdivision, the Ano- 
ae ne distributed through the tropics, another, the Adoretides. 
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PLATE XIV.—Awnomata VARIANS. 
THe CockCHAFER. 


i : 
Egg when laid. 
,, just before hatching. 

Larva, dorsal view. 
3. lateral, 

Pupa, dorsal view, in the last larval exuvium. 
» ventral view. 
os daberal.—,: 

Imago. 
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extent even than other groups, these are hill forest insects, very few 
occurring in the plains proper. Anomala pallida, F., and A. varians, 
Oliv., are common in the plains, both brown species like cockchafers. 
Anomala viridis, F., isthe common green Rutelidfound outside the hills, 
the remainder being mainly hill and forest species. Anomala dorsalis, 
Fabr., was reported from the Victoria Garden, Bombay, as destructive 
to Crinum latifolium (Indian Mus. Notes, Vol. V, p. 130). Pseudo- 
singhala transversa, Burm., is the small black species which comes up 
from the soil in myriads in May in the Khasi Hills and destroys flowers. 
Adoreta cardoni, Br., is recorded as destructive to rose bushes and 
cultivated plants in Calcutta. (Indian Mus. Notes, Vol. IV, p. 136). 


DYNASTIN A. 


These insects have the characters of the Rutelinz, but are distinct in 
the labrum, which is not visible from above in this sub-division, and in 


_ the equal tarsal claws. They 
are usually large insects, the 
males with a horn on the head, 
and a tubercle or projection of 
some natureon the prothorax. 
The colours are usually dull, 
black and brown predominat- 
ing; the body is usually mas- 
sive and thick, and the giants 
of theinsect world are here in- 
cluded. The males stridulate 
by moving the end of the ab- 
domen in and out, by which 
the apical edge of the elytra 
rubs against a file on the up- 


per surface of the abdomen. 
Fie. 145,—ORYCTES RHINOCEROS MALE. The larve are found in old 
trees, In decomposing vege- 

table matter and in soil rich in humus among plant roots. The pupa 
is enclosed in a hard case and the metamorphosis is believed to be 


long. 


256 COLEOPTERA. 


India, America and Africa contain the majority of species, the num- 
ber of Indian species not being large, probably less than 60 in all. Oryctes 
rhinoceros, Linn., is one plains species, found throughout the cultivated 
plains where toddy, cocoanut or other palms are grown. The beetle 
flies by night and eats into the soft tissues of the apex of the growing 
palm; in eating throughthe folded developing lcaves it makes tunnels 
which are shown by ragged holes in the leaves when they open. Fre- 
quently the growing bud of the palm dies, growth is stopped and the whole 
palm withers. The insect is known by a variety of names in most parts 
of India where its ravages are known ; the toddy-drawers know it and 
often know that its grub can be found ina heap of decaying vegetation or 
in a decaying tree. These larve are fat soft grubs, with a much wrin- 
kled body, and as the tissues inside move, the whole suggests a well stuffed 
soft pillow in which isasmall struggling animal. Phyllognathus dyonisius, 
F., is the only other common Dynastid. The life-history of this has been 
worked out from specimens sent 


in by A. M.T. Jackson, Esquire, errr eT 
1.C.8., aS destroying rice in Bel- ? \ \) \V Dy, Ss 
gaum. Itis fully illustrated in X\ We oy yy we 3 
Plate XV and has been fully Sar e/ en 2 
described elsewhere (Mem. Agric. 5 eo 
Dept., India, Entom., Vol. Il). Te 


Shortly, the eggs are laid in 
soil in the commencement of the 
rains (June- July), the larve are Fig. 1446—ORycrEes RHINOCEROS, LARVA. 
mature by September and pupate, the imago emerges in October and 
remains in the soil until May, when it comes out. The larve behave 
like typical cockchafer grubs, feeding on the roots of plants. 
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Moderate-sized insects, often of brilliant metallic colouring; the 
form of the body is slightly flatter than in the Melolonthide and the scu- 
tellum is often large. The males are rarely distinguished by prominent 
characters, such as horns, and the two sexes are closely similar in the 
common species. The colouring is very striking, metallic green in some, 
brown with varied yellow markings in others ; and in conformity with 
this, many are diurnal Species which are seen on flowers. The life-history 
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PLATE XV.—Puytioenatruvus Dionysius. 
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Egg, when laid and just before hatching. 
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is practically unknown in India; the larve are in general similar to those 
of other Melolonthid beetles, and live upon decaying vegetable matter 

._ Or roots, or in ants’ nests: The 
beetles are commonly diurnal, flying 
actively close to the soil under the 
trees of forests. They are often to 
be seen in abundance on a fine day 


in the rains in suitable localities. 


There are a large number of spe- 
cies in India and throughout the tro- 
pics. They are distributed chiefly 
in forest areas but extend into the 
plains and form part of the general 
plains fauna. Janson (Tr. Ent. 
Soc., London, 1901, p. 179), lists the 
Cetonids collected by Andrewes and 


Bell in the Bombay Presidency; 


Fig. 147.—THAUMASTOPQUS 
PULLUS, x 2. twenty-seven species are enumera- 


ted, of which twenty are confined 
to South India, four are found alsoin North India, and three widely 
spread outside India. The volume in the Fauna of India (now in the 
press) may be consulted. Nearly 200 species are described from India, 
exclusive of Ceylon. Four sub-families are recognised :—The Huchirini 
with Euchirus, an anomalous insect confined to the Himalayas; the 
Cetoniini, including the majority of the species, the Valgini with less 
than ten species and the Trichiini, with a small number of species 
of Trichius. Both sexes of Eucheirus macleayi, Ho., are figured by 
Westwood (Cabinet of Oriental Entomology). The enormously long 
curved forelegs of the male are the most striking feature of this insect, 
which is found in Assam and the Eastern Himalayas only. 

Naricius opalus, Dup, is a metallic green species in which the head 
is produced into two porrect horn-like processes. In the brown Dicra- 
nocephalus wallichii, Ho., this process 1s branched, curved and like a 
stag’s antlers. Rhomborrhina includes the large metallic species com- 
mon in and near forests. R. (Torynorrhina) opalina, Ho., has the head 
produced in a flat plate. Heterorrhina amena, Ho., is a delicate yellow- 
green. insect with lines of black punctures on the elytra, found rarely in 
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grass in the plains. Clinteria includes several green, brown or black 
species marked vividly in white or orange spots. C. spilota, Ho., is the 
variable species so abundant on grass in the hills. Thawmastopeus 
pullus, Billt., is a large shiny black insect found in Behar. In this spe- 
cies the prominent mesosternal process which projects forward between 
the fore coxe towards the mouth is conspicuously shown. Macronota 
is well presented in South India by species with vivid yellow lines 
on the pronotum, elytra and abdomen ; the elytra taper a little and thie 
abdomen projects conspicuously at the sides. Glycyphana albopunctata, 
F., and G. versicolor, F., are found in the plains, abundantly near forests. 
Oxycetonia albopunctata, F., is the brown species found sometimes in 
abundance at the flowers of cereals, with the green Chiloloba acutawied. 
In the Central Provinces both these species have been destructive, feed- 
ing on the anthers and stigma of juar, rice and millets. The latter is a 
beautiful pure green insect, with very marked golden pubescence. Pro- 
tetia albogutta, Vig., is a conspicuous deep blue insect with vivid white 
spots, found throughout India. The pupz have been found at the roots 
of trees, in cases composed of pellets of mud or excrement outside, 
smoothed mud or excrement within. Anthracophora atromaculata, 
F., is the large dingy black and white species found widespread 
over India. 


Collecting.—Kvery possible member of these important families 
should be ccllected ; it is unnecessary to pin at once, as beetles keep 
well in clean sawdust, free of dust, with enough naphthaline to prevent 
mould. For collecting there are two methods, the net or fingers by 
day, the lamp trap by night. It cannot be too strongly insisted 
that since these insects emerge often only once a year, dates of capture 
are of extreme importance. Beetles are pinned through the right wing 
case; | have not found it necessary to remove the soft parts, but it is 
advisable to soak the dried insects in benzene to remove grease. Larger 
ones must be very carefully dried. Scarabxids are best got in the hot 
weather at their food and in this group careful observation and study 
of habits is required. Rearing is possible if the dung balls are 
obtainable. Melolonthids can be reared in earth if given roots enough 
and carefully tended. They thrive in soil in which plants are grown, 
e.y., rice and can then live and feed under normal conditions. 
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This series is by Ganglbauer and others separated from all other 
Coleoptera on account of the wing-venation, the details of the internal 
anatomy, and the fact that the larva has two-jointed tarsi. It includes 
ten families, of which six are commonly found and should be familiar. 


CICINDELID&.—Tiger Beetles, 


The clypeus extends laterally in front of the insertion of the antenne. 
The maxille terminate in an articulated hook. 


With few exceptions, these beetles are generally recognizable in 
the field from their general form, which is distinct from that of their 
allies, the Carabide. They are often 
brightly coloured, green, brown or 
black with spots or bands of white 
being most common. The majority 
are from one-half to an inch long, few 
under or over these limits. The 
head is short and thickset, in Collyris 
(Plate XVI, Fig. 11), constricted be- 
hind the eye intoa neck; the eyes 


| 


are prominent, the antenne moder- 
ately long. Long curved mandibles 
project in front of the head, the 
x maxille and labium being conspicu- 
“ous, the whole mouth-parts evidently 
Fig. 148,—Crctnpera sexpunctata. of the predaceous type, formed for 
rapidly seizing and firmly clasping 
the insects they feed upon. The prothorax is large and cylindrical, 
the elytra usually smooth or only finely pitted. There are many 
wingless species, and some are very distinctly pubescent. The legs are 
long, slender, finely spined and formed for rapid running. The sexes 
are alike, the three basal segments of the male tarsi often elongated, 
while the males show six, the female seven visible ventral segments. 


The life-history is believed to be uniform throughout the group, and 
larve that can be referred with certainty to this family have been found 
in India ; these larve are found in vertical burrows in the wet sand or 
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mud near rivers ; apparently they require wet material which admits of 
the formation of a burrow, but their choice of locality may be determined 
by their prey,; the burrow extends 
vertically from the surface and the 
larva can move up and down by 
means of the legsanda dorsal hump 
or projection ; the head is flat, used 
to carry up the soil when excavating, 
and the very long jaws are turned 
backwards and upwards, so that 
when the flat head is blocking the 
upper end of the tunnel, the jaws 


have free play above and are in a 
position to seize any unwary insect 
that alights or walks within reach. The length of the life-history has 
not been ascertained, butas each species appears to emerge in the imago 
form for a definite period in the year, it is probable that the life-history 
occuples one year or multiples of one year ; the imago lives for several 
weeks. The student should read the life-history of Cicindela campestris, 
an English insect, which occupies three years (Proc. Ent. Soc., London, 
1903, p. XV). R. Shelford figures the curious larva of Collyris emargi- 
natus, Deg. from Java, which lives in burrows in coffee stems, feeding on 
the insects that go past. The larva has on the fifth abdominal segment 
six hooks, curved forwards, on a protuberance. A similar larva was 
found in China (Trans. Ent. Soc., London, 1907, p. 83). 


Fig. 149.—CICINDELA LARVA, X 2. 


The majority of these beetles appear in the rainy months, some 
at the beginning, some later. Our common species are diurnal in habit, 
though some are known to be nocturnal. They are among the most 


active of insects, flying for short distances with great rapidity and also 
runnin ¢ quickly. 


N . 
So far as known all are predaceous on other insects, 
though their 


exact economic value is difficult to ascertain. Maindron 
records that Derocrania longesulcata, Mon., feeds on Silis (Driline), 
and such records of food are noticeable for their rarity. The majority 
are found in damp places, in rice fields or thick vegetation, on river 


banks, on the seashore ; some are found only on trees in forest localities. 


Some are know it scents 
x n to emit scents, not of an unpleasant character, but 
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which probably serve a defensive purpose in association with the warn- 
ing colouration. 


The family is not a large one and the majority of the species are 
referred to the genus Cicindela. Atkinson’s Catalogue (Asiat. Soc.., 
Bengal, LEX, 1890), lists 119 Indian species, Cicindela (74), Pronyssa 
(1), Megalomma (2), Dromicidia (1), Jansenia (2), Therates (1), Tricon- 
dyla (5), Collyris (32), Tetracha (1). Maindron has added others (Ann. 
Soc. Ent., France, 1899, p. 379); Bates described Lewis’ Ceylon forms 
(Ann. Nat. Hist., VI, 16, pp. 68, 143, 199). A revision of Collyris 
will be found in Ann. Soc. Ent., France, 1864, page 483. 


Horn has described others (De. Ent. Zeitschr.), Cicindela (17), 
Collyris (10), Tricondyla (4), Therates (3), Heptodonta (2), Neocollyris (4), 
Calochroa (4), Euryoda (1), Derocania (1), Prothysa (1), are included in 
these later papers. Horn is now monographing the familv in Genera 
Insectorum. Of these less than 20 Cicindela and one Collyris 
(C. distincta Chd.), occur in tropical India generally. Cicindela sex- 
punctata, Linn., is a striking species, found in the rice fields where it 
preys on the rice bug, Leptocorisa varicornis. It appears in August and 
September. C. grammophora, Chd. (Plate XVI, Fig. 12), is abundant 
in the rainsin Behar, the commonest of the smallspecies and very active 
on wet ground. C. 4-lineata, F., is a conspicuous insect with four stripes 
of yellow on the elytra, found abundantly on the seashore of Western 
India ; in May, it feeds on the Halobates germanus so abundantly thrown 
up on the beach in the strong South-West wind and is a very conspi- 
cuous insect. Cicindela 8-notata, Wied., is common on the banks of 
rivers in the plains, a very gaudily coloured and noticeable species. 
C. 20-quttata, Hbst., with ten yellow spots on each elytron is abundant 
in rice fields with C. sexpunctata, Linn. 


Collyris includes mainly metallic blue tree-haunting species which 
are difficult to distinguish ; nearly all are forest species, some living on 
trees and bushes in the plains. Therates, like Collyris, has a long neck 
but is apterous, and includes robuster brown insects, found also in 
forests. The Cicindelida are often of curiously limited distribution 
with regard to individual species; the common forms of one part of 
India are limited to distinct areas and there appear to be few species 


really widely spread even over the plains. A number of our subtropical! 
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species are widespread outside India, and of the species recorded from 
Sind, many are probably not Indian at all. 

Collecting.—These beetles cannot be caught without a good net 
and should always be killed at once or kept apart till they can be killed. 
Their larvee can be found if looked for, but we have not heard of any 
being reared in confinement. The greatest desideratum is close obser- 
vation of the food of both larve and adults as the actual species they 
prey onis known in very few instances and until this is known their eco- 
nomic value must be doubtful. They will be found only in moist soil, 
and are abundant in lands where silt is deposited after flood. 


CaARABIDA.—Predaceous Ground Beetles. 


Antenne filiform ; the tarsi all five-jointed, clypeus not extending 
laterally in front of base of antennae, maaxille not hooked. 


These beetles are widely distinguished from all others; the only 
family with which they are likely to be confused being the Cicindelide 
which have the lateral extension of the clypeus in front of the antenne. 
The two families are very closely connected and authorities are not un- 
animous as to their separation. The beetles vary in size from small to 
moderately large, the smallest one-quarter of an inch long, the largest 
nearly one inch. The colouring is varied, often black or brown, some- 
times with bright patches of yellow, and it is often strikingly warning. 
(Anthia sexguttata). As a whole it is the characteristic sombre dark 
colouring of ground insects, similar to that of Tenebrionide, Blattide, 
Forficulide, etc. The body is usually oval,. broader than in Cicindehde 
and more flattened. The antenns are filiform, rarely moniliform, not 
elbowed and projecting conspicuously in front of the head. The com- 
pound eyes are large, the mouth-parts conspicuous and long, the biting 
predaceous type with long curved mandibles. The prothorax is large, 
te elytra fitting tightly to the body, often with rows of pits or with 
lines. The body is, as in nearly all Coleoptera, enclosed in hard well- 
fitting chitinous plates, whose morphology is the basis of the classifica- 
pon. of this large family. The legs are moderately long, fitted for 
rapid running or short and thickened, fitted for burrowing, the tarsal 
joints distinct, the claws well formed. In the males the basal tarsal 
jomt of the fore leg is expanded. The elytra are in some species 
soldered together and do not open, there being no wings below and flight 
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not being possible. (Anthia, Carabus). On the ventral abdominal seg- 
ments are specialised sete used in rapid locomotion along the ground. 


The life-history is almost unknown in detail, but so far as is known 
elsewhere it is uniform throughout the group and the little known of the 
Indian species agrees generally. The larve 
are slender active insects, the head large 
with long mandibles and six ocelli, the 
thorax and abdomen smooth and tapering, 
with a terminal pair of dorsal cerci, an 
anal tube and three pairs of thoracic legs. 
The terminal processes are fairly cha- 
racteristic; the colours are black or dull 
and the carabid larva is an insect that can 

AN usually be readily recognised. They are 

Fig. 150.—HARPALUS LARVA. jn the main predaceous and constitute part 
ee of the surface fauna and are best found 

when caterpillars are abundant oa a crop, when they gather there to 
feed. Elsewhere some are known to feed in the roots of the crops, and 
one is a pest, but no record of such vegetarian larve exists for the Indian 
species, which are commonly predaceous. They suck out the juice of 
caterpillars and other insects, and though they must be extremely abun- 
dant, are very rarely found, except under these exceptional conditions. 
No details are available as to the length of the life-history. Pupation 
takes place in the soil. The eggs of one species (Anthia sexguttata) are 
large oval bodies, white and soft, measuring nearly one-quarter of 
an inch in length. One is laid at atime and dissection shows that 
they develop successively and are produced singly ; apparently egg- 
laying is extended over a long period and the active imaginal life is 
probably long. The total number of eggs produced is probably 
small. Hibernation, so far as observed, takes place in the imago 


stage, the beetles burying themselves in the soil or otherwise taking 
shelter. Possibly it takes place in the other stages also. 

Carabide are partly diurnal, partly nocturnal, the latter species 
sometimes coming to light. Most can produce a caustic mal-odorous 
liquid from glands opening above the anus; in a few this liquid is vola- 
tile, and on being set free goes off with a little report; the enemy being 
overcome by the odour and detonation, the beetle escapes rapidly. No 
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species is in India known to be destructive, and but very few are possible 
pests elsewhere, the carnivorous habits of the family apparently giving 
place to herbivorous habits in a very few species. The family can be 
classed among the great number of miscellaneous predators which check 
the general increase of other insects. They are protected by their fero- 
cious habits, their hardness and by a volatile and offensive fluid 
(Pheropsophus). Their habitat includes every part of the earth’s 
surface, and they are among the most universal of insects. Many thrive 
in the plains, some in the hills. Cultivated areas harbour many, as 
do the wastelands and jungles. 


The number of species in India is a large one, and the family is one 
of the most rich in species. A list of the catalogued species of the region 
may be found in the Journal of the Asiatic Society of Bengal, Vol. 
LIX (1890), Appendix C. By no means all the species are described 
and there are large numbers to be added to this list. A total of fifty 
has been described since Atkinson’s catalogue, showing how little atten- 
tion has been paid to the group during the last two decades. The 
student may consult Bates’ paper on the Ceylon species, collected in 
five months by Lewis, to realise the magnitude of the group (Ann. 
Nat. Hist., VI, Vol. 16, pp. 68,43, 199). It isa noteworthy fact that 
this family are far more abundant in tropical than in sub-tropical or 
temperate India, and their place in the plains is to some extent taken 
in the hills by spiders so far as their predaceous function is concerned. 
Over 600 Indian species are enumerated by Atkinson. The groups 
are divided as follows :— 


‘Omophronini nae Anchonoderini 2. 

Carabini 14. Ctenodactylini 5. 
CARABINA, « Nebruni 3. | Odacanthini 11. 

Enceladini 1. | Dryptini 27. 


Scaritini 76. Harparina I. 


| Lebiind 87. 
Helluonini 12. 
Anthiini 4. 


| Ceratocerini 15. 


“Panageini 16. 
Sragonini 13, 
Ozceenini 2. 


Nomiini 2. Brachynini Al. 
HaArRPALINe I. - Bembidiini 19. Apotomini 2. 
Pogonini 2. | HarPatinaz 11. Broscini 4. 
Pterostichini 65. | Chlenini 90. 
Licinini 6. Harpalini 38. 


Platynini 45. | PseupomorrHinae, 9. 
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Pronyssa nodicollis. (Cicindelide), 
Cicindela withilli. ¥ 
Calosoma indica, (Carabidz), 
Scarites nanus. 5 
Dicranoncus amabilis. ape 
Cicindela imperfecta. (Cicindelide). 
. aurofasciata. ; 
Chleenius circumdatus. (Carabide). 
Trichisia morio. (Carabide), 
Haliplus angustifrons. (Haliplide). 
Collyris distincta. (Cicindelide), 
Cicindela grammophora. __,, 
Tetragonoderus sp. (Carabidz). 
Kudema angulatum. a; 


Platyrhopalus denticornis. (Pausside). 


ad 


- 


It is impossible to attempt to discuss the classification and discri- 
mination of our abundant Indian forms, which form one of the largest 
families. It may be hoped that these insects will soon be dealt with in 
the Fauna of India. 


Carabus includes only a few Indian species and is more abundant 
in the palearctic region. Calosoma (Plate XVI, Fig. 3), includes the 
species Orientale, Ho., found in Peshawar to be predaceous,on young 
locusts (Schistocerca peregrina). Ophionea is a pretty little insect, com- 
mon in the plains, and with several Indian species. The colouring and 
facies are distinctive, slender flattened insects marked in brown and 
red. Dendrocellus is another Indian genus extending also to West 
Africa. Brachinus is a widespread genus, usually black, with ferrugi- 
nous head and prothorax, and greenish elytra. Lebia is another large 
genus, well represented in India; the beetles live chiefly on bark and 
plants, and are brightly coloured. The genus Anthia has a_ single 
Indian representative, the large 4. (Pachymorpha) sexyuttata, Ho. 
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Fig. 151.—ANTHIA SEXGUTTATA, x (EM. HH) 


This insect is one of the most striking beetles of the plains, black, with 
six large white spots. It is wingless and found wholly on the soil, 
spending the winter in holes. A few kept in captivity lived for some 
months, fed daily with from one to two hundred grasshoppers. Kggs 


were laid but failed to hatch. This is one of the few Carabids easily 
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identifiable, and I have been told that it figures among the folk tales of 
natives of some parts of India. The Scaritine have a distinct facies 
(Plate XVI, Fig. 4), and are further marked by their pedunculate pro- 
thorax and enlarged digging legs, similar to those of the Coprides. 
They are black insects, some quite small, others of moderate size, and 
are, so far as is known, wholly digging insects. Some are diurnal, some 
nocturnal, and while most are predaceous, some appears to feed on 
decaying animal matter. Clvina is one of the larger Indian genera, 
with many Indian species. 


Collecting. Carabids are sufficiently abundant to be readily found and 
collected. They must never be put living with other insects but kept 
apart or killed at once with benzene. In this group, details of the food of 
the beetles is much wanted ; every larva found should be reared, feeding 
it on living insects ; though the beetles are extremely numerous, few larvee 
are known and fewer still have been reared. Attempts to rear Anthia 
have failed, though their eggs were obtained and it will probably be 
more satisfactory to rear from captured larve. These should be care- 
fully sought for whenever caterpillars are abundant, as they collect at 
such spots. Larve are best preserved in formalin. 


PAUSSIDA. 


A family of small beetles most readily recognised by the extraordinary 
form of the antenne, which are usually very large, as well as by the 
truncate elytra which usually leave the pygidium exposed. Tarsi 
fwe-jointed. 

These remarkable beetles are of small size, generally neaz to one- 
quarter of an inch long, coloured almost wholly in red-brown and black. 
The head bears the remarkable antenne and the somewhat reduced 
mouth-parts ; the former have two, six or ten joints; in many cases 
there isa small basal joint and a single large leaflike apical 
joint; in others the expanded part consists of the apical five 
joints. The prothorax js well developed and of varied form: the 
elytra are parallel-sided and truncate behind, the pygidium visible 


In most species. The legs are of varied form, sometimes expanded and 
leaflike, usually slender and formed for walking. 
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The life-history of no species is known. These beetles are found at 
light, have been repeatedly found walking on the soil and are found in 


Fig. 152.—A. CERATODERUS OBERTHURI, B. EUPLATYRHOPALUS APLUSTIFER, 
C. PLATYRHOPALUS MELLYI. 
(After Desneux.) 


ants’ nests. It is believed they are all myrmecophilous, living on vary- 
ing terms of indebtedness in the nests of surface ants. They fly quickly 
and settle with the wings extremely quickly closed, so that they appear 
to fall rather than to settle. As in the previous family, these beetles 
secrete a liquid which is irritant to the human skin. 


Of the known species (Desneux, Genera Insectorum), nearly 300 
in number, about one-seventh are Indian, and the fauna is comparatively 
rich in forms. They are found in the plains as in the hills and probably 
many plains’ forms remain to be discovered. 


Platyrhopalus denticornis, Donov. (Plate XVI), is apparently the 
most common, found at light and walking on the soil. Merasmoderus 
Bensoni, Westw., is known from the United Provinces and figured by 
Westwood (Cab. Oriental Entomology, Plate XLI, Fig. 4); he states 
that it was found in a “‘ black ants’ nest.’’ Many Indian species 
of this family are figured in Westwood’s Arcana Entomologica. 
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MYRMECOPHILOUS INSECTS. 


In a publication, dated 1894, Wassmann enumerates nearly 
1.200 insects which live in some degree of association with ants, and. 
over one hundred living in connection with termites. The former 
are the ‘‘Myrmecophilous ’’ insects; they possess a special in- 
terest chiefly on account of the fact that a large proportion of them 
are not inimical to the ants in whose nests they live, but they play an 
important part in the economy of the nest and are deliberately fed and 
maintained by ants. The ant community is much like the human com- 
munity ; it has species of insects that it domesticates, feeds, tends and 
preserves on account of the food it derives from them ; there are others 
which live in harmony with them, are tolerated but are not known 
to have any value to the ants; there are insects hostile to the ants 
themselves, but which, nevertheless, maintain themselves in their 
nests ; and there are parasites which live in the bodies of ants. 


The same applies to termites but far less is known of them since 
they are tropical insects and have been far less studied. It 1s probable 
that the ‘‘ termitophilous insects ’’ are as varied and numerous as the 
myrmecophilous insects and there is here a great field for observation 
and research in this country. 


Comparatively little is known of myrmecophilous insects in India ; 
Wroughton, Rothney and others who investigated Indian ants, found a 
number of species and Wroughton has. also found termitophilous 
insects ; but the number recorded and the observations made covers 
only a very small part of the ground. We have here endeavoured to 
condense from Wassmann’s Kritisches Verzeichniss not only the 
groups found elsewhere but the recorded indian species. 


Kscherich describes three Termitophilous Thysanura, of the 
Genera Assmuthia and Platystelea from India (Zool. Anz., p. 743). 
Myrmecophila among Orthoptera is the sole recorded genus : Wrough- 
ton and Aitken record M. acervorum, Panz. var flavocincta, Wassm. 
in the nests of Plagiolepis longipes, Jerd. This little insect is 
one of the Myrmecophiline (Gryllide). Wassmann (Zeitsch. Wiss 
Insecten-biol. I, p. 334), describes Myrmecophila prenolepidis found 
in Bombay by Assmuth, running with the ants (Prenolepis longicornis) 
which were moving their nest at the beginning of the rains. The same 
Myrmecophila occurs with the same ant in Brazil. Two other species 
of Myrmecophila are known to live with Pheidole Wroughtoni and with 
Camponotus compressus. The author ‘states that M yrmecophila lives 


with one ant species in its nymphal instars and with another when full 
crown. 
5 


Among Neuroptera, a single Psocid is recorded. Some Hutermes 
live in a friendly manner with species of Termes and are thus Termito- 
philous. In Hymenoptera, we have first the ants living in a social way 
with other ants ; thus a small ant may make nests by tunnelling in the 
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solid earth left between the galleries of a much larger kind of ant ; or 
two kinds of ants may share a nest. Wassmann records no instances 
from this country but our common ant Myrmecocystus setipes certainly 
allows another ant to build between its galleries, and there are probably 
other instances. Ants are also termitophilous in that they live in 
termites’ nests. Two sphegid wasps, Rhinopsis constancia, and R. rufi- 
cornis, Cam., mimic and live where Sima rufonigra is common ; but the 
exact relations are doubtful. Elsewhere, Fossorial wasps prey upon 
ants, carrying them off to stock their cells with. Various Parasitic 
Hymenoptera destroy ants but none are yet recorded in India. Lepi- 
doptera include a very few whose larve live in ants’ nests (none Indian), 
and a number which are visited by ants, which have special ‘* honey 
organs”> and which in some cases pupate in the ants’ nests. 
deNiceville remarks that some of these caterpillars will thrive only in 
association with their particular ants. These are all Lycenide ; the list 
embraces the following :— 


Polyommatus beticus, L. visited by Camponotus compressus, F. 
- ,, Prenolepis clandestinus, Mayv. 


» >, Lapinoma melanocephalum, ¥. 
Tarucus theophrastus, ¥. rf ,, Camponotus compressus, F. 
» 5, Lheidole latinoda, Rag. 
Gerydus symethus, Cram. Racy Sooper ? ? 
Rapala schistacea, Ms. - ye ? ? 
Chilades laius, Cram. iA ,, Camponotus compressus.  F. 
" trochilus, Frey. > 3, Pheidole quadrispinosa, Jerd. 
Zizera lysimon, Hubn. oa ,, Lapinoma melanocephalum, F. 
Lycenesthes emolus, God. i ,, cophylla smaragdina, F. 
Lampides elianus, F. s ,, Camponotus mitis, Sm. 
Catochrysops cnejus, FB. x ,, Camponotus compressus, F. 
cs pandava, Horst. » 3, Prenolepis longicornis, Ltr. 
: 2 a > 5, Monomorium speculare, Mayr. 


Cremastogaster sp. 


9? 29 9? 9? 9 


Among Diptera, there are less than 20 species recorded, chiefly 
European, Microdon being the best known. A single Indian example 
among Heteropterous Rhynchota is the Coreid Dulichius inflatus, Kby.., 
which Wroughton found to mimic Polyrhachis spimger, Mayr., and to live 
where this ant is common. Of the Homoptera, there are species of 
Fulgoride and M embracide which are visited by ants to get the sweet 
secretion. Our common species of Leptocentrus among the latter and 
Pyrilla aberrans, Wlk., among the former are examples. Psyllide, 
Aphide and Coccide also afford many examples, ants either simply 
visiting them to get honeydew, or building shelters over them, or 
maintaining them in their nests. Ccophylla smaragdina commonly 
sews together the leaves round colonies of Coccids and makes shelters 
for them ; a very large number of our Coccids and Aphids are visited 
by species of Camponotus, Cremastogaster, Cataulacus, etc,., though we 
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are not aware of any detailed information as to the species of ants 
which visit each. A small number of Poduride and Lepism idee 
are also recorded as being found as guests in ants’ nests. We 
have left the Coleoptera to the last, as they form the greater 
number of the recorded species. The following families are enumerated 
as having more than ten Myrmecophilous or Termitophilous species :— 


Myrmecophilous Termitophilous. 
Staphylinidee x 263 S 
Pselaphidee es 113 y 
Clavigeridee we 89 0 
Paussidee ae 169 () 
Scydm:enidee ns 32 0) 
Silphidse ae 35 | 
Trichopterygide ie 14 ) 
Lathrididee aa 30 l 
Thorictide £4 4U 0 
Histeridze oa 128 4 
Scarabeeidee a iy 6 


Below is a list of eleven species more or less definitely ascertained 
to be Myrmecophilous in India ; Wassmann includes many others which, 
from structural characters, he assumes are myrmecophilous, especially 
Paussids. 


Clavigeride  Claviger Hageni, Motsch. | Kast Indies. 
Mastiger abruptus, Motsch. Calcutta. 
Pausside Merismoderus Benson, Westw. with black ants, Ben- 
gal. 
Paussus Fichteli, Don. Black ants (? Pheidole). 
Paussus soleatus, Wasm. Pheidole Wroughtoni, 
For. 
Paussus suavis, Wasm. Pheidole latinoda, Rag. 
Paussus Wroughtoni, Wasm. Pheidole Wroughtoni, For. 
Colydiida@ Paramellon sociale, Waterh. In ants’ nests. 
Scarabeide Cheetopisthes fulvus, Westw. In Termites’ nests. 


e simplicipes, Reiche. 
Pselaphide Aulacophora sp. 


2? 9? 2? 


2? 2? 2? 


On the analogy of other countries it is probable that there are abun- 
dant myrmecophilous and termitophilous insects in India and we re- 


pea the list above as a guide to the student for what he may expect 
to find. | 


In a later paper (Deutsche Ent. Zeitung, 1899, I, p. 145). Wass- 
mann describes the termitophilous insects found in the nests of the com- 
mon white ant, Termes obesus, Ramb., at Ahmednagar by Father Heim. 
They are four Staphylinids, Termitodiscus Heimi. M yrmedonia tridens, 
Myrmedoma Heimi, Myrmedonia sculpticollis : and two Aphodiine 
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~I 


beetles, Cheetopisthes suleiger and Corythroderus gibbiger. As Myrmeco- 
philous, Wassmann mentions the following species :—— 


TEEN IEEE OT ag 
ONE LLL 


Fig. 153.—MYRMECOPHILOUS BEETLES.— A, TERMITODISCUS HEIMI.—B. CHATOPISTHES 
SULCIGER.— C. CORYTHRODERUS GIBBIGER.— D. THORICTUS HEIMI.— EK. WROUGHTO- 
NILLA LOBOPELTA.—F. COSSYPHODINUS INDICUS.—G. C. INDICUS, ANTENNA 
FOLDED IN CAVITY. 

[After Wassmann|. 


SvAPHYLINIDA— 
Wroughtonilla lobopeltea, Wassm. with Lobopelta diminuta, Sm. Nil- 


iris. 
Tooter Dp A— 
Thorictus Heimi, Wassm. 5, Lriglyphotria  walshi, — For. 
Ahmednagar. 
LATHRIPUDA— 
Coluocera Belon, Wassm. , Pheidole  sulcaticeps, — Rag. 
Ahmednagar. 


,, Holcomyrmex scabriceps, Mayr, 
Ahmednagar. 


272 COLEOPTERA. 


C‘OSSYPHODID A— 


Cossyphodinus indicus, Wassm. with Pheidole  sulcaticeps, Rag. 

Ahmednagar. 
TENEBRIONID A— 

Dichillus tenellus, Wassm. ,,  Holcomyrmex scabriceps, Mayr. 
Ahmednagar. 

Schizillus Rogersi, Wassm. », Pheidole indica, Mayr. Mus. 
soorie. 

Tetranillus costatus, Wassm. Pr emer ? Ahmednagar. 

Stenosis dentipennis, Wassm. ,, Cremastogaster sp. Thana. 

3 wroughtoni, Wassm. » Pheidole — latinoda. North 
Gujarat. 
RHYSODID&. 


Head with a slender neck. Antenne filiform, eleven-jointed. Tarsi 
five-jointed. Abdomen of sia joints, basal three 
connate. Front tibve notched on inner edge. 


A small family of two genera ; they are elongate, the integument 
hard and with longitudinal impressed lines ; all are coloured black or 
brown. The few known species have been found under the bark of 
trees. Lewis revised the family in 1889 (Ann. Nat. Hist. VI, Vol. 2) 
and listed forty species of Rhysodes and Clinidium, of which C. aperium, 
Reit., R. aterromus, Chevr.,is Indian and R. taprobane, Fairm.. is known 
from Ceylon. Three species of Rhysodes have since been described by 
Arrow. 


DyTISCIDZ. 


Aquatic beetles, the posterior coxe enlarged, the antenne filiform. 
Hind leg formed for swimming. Males with the three 
basal tarsal joints of foreleg dilated. 


These beetles are readily distinguished by the above characters 
from other aquatic beetles. They are practically aquatic Carabids 
with the bodily form and appendages modified to suit their mode of 
lite. They include some of the larger beetles and many small forms: 
the colouring is sombre and probably renders the swimming beetle in- 
conspicuous. The form is oval, the parts very closely united to form 
one continuous whole with no projecting angles or lines; the head is 
broad, tightly fitting and only capable of slight movement. The trophi 


c . siIm1 é ? 1 Ae : . 2 % : 
are similar to those of the Carabide, the biting carnivorous type. 


—————————E—eEE——eE———E——EEE ee 
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The elytra cover the abdomen and the wings are large and functional 
in all species. The anterior legs are set close together, of the usual form 
except in the males, in which the 
basal tarsal joints are to a greater 
or less extent dilated; in some this 
dilation is so large as to form a 
conspicuous sucker-lhke organ and 
used by the male to securely hold 
“the female. The hind legs are long 
and formed for swimming, the tarsi 
compressed and twisted so that the 
upper edge is outward; they are 
ciliated on one or both edges. The 
coxe are very large and occupy a 
large part of the ventral surface. 
The sexes are similar in geneval 
appearance and are distinguished 
by the fore tarsi. These beetles 
excrete a whitish fluid from the 
articulation of the head and _ pro- 
thorax on being seized, and also 


Fig. 154,—Cypisrer conrusvus, mate. excrete an unpleasant fluid at the 


anus. 


The life-history of no species appears to have been worked out in India 
and there is no reason to believe it differs from the general type. Hggs 
are laid in aquatic plants, under water, and hatch into elongated grubs 
with a large flat head, a long tapering body terminating in two ciliated 
processes ; there are three pairs of long swimming legs. The apex of 
the abdomen ends in two spiracles which alone are open and functional ; 
the larva comes to the surface tail upwards, the two processes lie flat 
on the surface film owing to their ciliations and support the 
grub, which takes in the air supply quickly. The head has a pair 
of long hollow sickle-shaped mandibles, and it has been shown that 
when these are in use the mouth is automatically closed ; the larva 
grasps its prey by the mandibles, inserts them and sucks the blood 
through the hollow mandibles; the larvee are extraordinarily voracious, 


and if confined together, attack and destroy one another. They are 
ILL 1s 
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abundant in freshwater in India, especially if stagnant or nearly so. 
Pupation takes place in the mud near the water. The adults are 
aquatic, and carry their air supply under their elytra; they also 
come up periodically with the apex of the elytra upwards to renew 
their air supply. They are carnivorous but less voracious than the 
larve and fly at night from pond to pond. Nothing is known 
of the habits of the Indian species nor of their mode of hibernation, 
number of broods, ete. 


Fig. 155.—ERkTES STICTICUS LARVA AND IMAGO x 38. 


: Sharp in 1876 experimented with Dytiscide to find the ratio of the 
time spent getting air at the surface to that spent under water. He 


found an Dytiscus marginalis a ratio of 1 to 12. Pelobius has a ratio of 
I to 375. (Proc. Linn. Soc., 1877.) 


The family is a large one, monographed by Sharp (On Aquatic 


earpiyorous Coleoptera) ; Regimbart in 1899 revised the Eastern forms 
(Ann. Soc. Ent. France, 1899, p- 186) listing 140 ‘‘ Indian’? 5 ecies 
Three new ones collected by Maindron were added (loc. cit re : 
333). The principal genera are arranged as follows a : e 
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I. HyproportpEs— 

1. Hydroporini.—Hydroporus, 4; Hyphoporus, 9; Hyphy- 

drus, 3; Clypeodytes, 6; Bidessus, 6; Yola, 1. 

2. Hydrovatin.—Hydrovatus, 15. 

3. Methlini—Methles indicus, Reg. 
Il. NorertpEs— 

Hydrocoptus, 4; Canthydrus, 6; Hydrocanthus indicus, We. 
III. Laccopattipes— 

Laccophilus, 15 ; Neptosternus, 2. 
IV. Dytisciprs— 

1. Colymbetini.—Agabus, 10; Platynectes, 3; Lacconectes, 5; 

Copelatus, 7; Rhantus, 5 ; 

Hydaticint.—Prodaticus pictus, Shp.; Hydaticus, 8. 
Thermonectint.Sandracottus, 3. 


Eretini.—EKretes sticticus, Linn. 
Cybistini.—Cybister, 17. 


OU em & b 


Hyphoporus includes small oval thickset beetles found widespread 
in wells and tanks. H. aper, Shp., appears to be the commonest plains’ 
species. Copelatus indicus, Shp., is a small dark insect, abundant in 
rice fields and found under the bark of trees during the time when the 
fields are dried up. Hydaticus Fabric, Mch., and H. vittatus, Fabr., 
are the commonest plains species of this genus, medium sized brown 
insects found in tanks. Sandracottus Dejeani, Aub., is widespread and 
abundant in wells and tanks, a handsome black and brown mottled 


insect of moderate size. 


Eretes (Kunectes) stocticus, Linn., is also extremely abundant and 
common; its larva feeds on Culex larve. Cybister includes the large 
forms which take the place of the European Dytiscus ; Cybister confusus, 
Shp., is the large black water beetle with the lateral brown stripe 
found in fresh water in the plains. C. tripunctatus, Ol. var. asiaticus, 
Shp., is smaller, also abundant in rice fields and tanks. 
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INSECTS AS FOOD. 


It is a matter of daily observation that many birds and some mam- 
mals find that insects are an excellent food and one may wonder that 
man has not found this also. But in nothing are the vagaries and 
caprices of man better shown than in what he will and will not eat, 
and soa very large supply of food has, and apparently will, daily perish. 


Herbivorous insects live in exactly the way a herbivorous mammal 
such as a sheep does, feeding on the tissues of dry or green plants and 
transforming them into animal tissues, which differ little from the tis- 
sues of a mammal or bird and are but the concentrated nourishment of 
the living plant ; only in many cases they do so far more quickly and 
are far easier and quicker to rear in large quantities. Why then are 
they not more eaten? It is pure caprice and we know that many insects 
are excellent and nourishing food. Unfortunately, there are not the 
data available to really deal with this subject ; in times of scarcity all 
the world over men have turned to insects and travellers have recorded 
the insects eaten and the expertness of the little-civilised portion of 
mankind in finding them; but the subject rests in darkness precisely 
because the people who practise this habit are not those of whom much 
is known or whom civilisation reaches ; we fear that the spread of civi- 
lisation will lead to the total abolition of these interesting practices 
before we know about them, to the detriment of a later generation which 
will have to rediscover by experiment which are and which are not, good 
to eat ; unless they adopt the ‘‘ monkey ’’ test. It is stated in books 
that what a monkey will eat is good food for man; it is certain that 
monkeys eat insects with avidity excepting the extremely nauseous 
ones with warning colouring. Mankind eats many curious things, in- 
cluding oysters, shrimps, whelks and cockles, dried sea slugs (Holothu- 
nians), and birds’ nests ; the most civilised nation is addicted to eating 
snails, even uncooked ; and yet there is an absurd prejudice against 
eae not universal, but certainly covering the more civilised portions 
Er eee if the deterioration in natural instincts 
ieee Ings 1s not revealed in the races that eat so nauseous, 
. ia Aaa Hate Woe a thing as an oyster and refuse to consider 

ean white termite queen or a dish of locusts. 


See aot items of Entomology of this kind, the fact is on 
with rice : in ae a the large bugs of the genus Aspongopus are eaten 
to be a delicacy rat 1, the red ant (Zi cophylla smaragdina) is reported 
fare... Locunte ag puget flavour relieving the monotony of the daily 

are appreciated in many parts of India and it is said that 


dried locusts form ; 

orm an ingredient of curri : 

; 0 Tr 

locust swarm is looke q g curries even in Calcutta, where a 


on as a providential ; In Burmal 
the larve of an aquat; p lal occurrence. In Burmah, 
1c b , ag 
beetle, Hretes unbeton eetle are collected and eaten; this is the 


of Dytiscide in Indi sticticus, apparently the commonest species 
Burmah, are by J Ph The following Observations of this insect in 
pare BY ©. Varey, Hsq., Sub-Divisional Officer 2. 
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“An insect called the Twinpo (literally insect found in pits or 
hollows) is found in Twinywa, a village about 8 miles west of Budalin, 
situated in a large depression presumably caused by volcanic eruption. 
The long slender specimens without wings (Fig. 155), are the young 
insects : the oval shaped ones with wings are the fully developed insects 
(Fig. 155). They live and thrive in the waters of the lake in the middle 
of the depression. The waters of this lake are slightly salt and bitter. 
Among the developed insects, the male can be distinguished from the 
female by the circular extremities of its front legs. Besides the male is 
generally smaller than the female. The fully developed insects are 
seen only after a shower of rain, when the lake is simply agitated by 
theirmovements. This isa sign that breeding is going to take place; 
for soon after the shower the insects creep on to the land and remain 
embedded in the mud about three or four feet away from the water’s 
edge. Whilst remaining in the mud with their heads slightly exposed, 
they lay eggs from which the slender needle-shaped insects without 
wings are found, on the third day. The young insects make for the 
water as soon as they are formed, and after twenty days reappear still 
retaining their original slender form, but slightly larger in size. They 
are then of the same shape and size as the samples. As soon as 
these young insects appear they make for the land and remain 
entirely embedded in the earth at a distance of about fifteen feet from 
the water's edge; the young insect remains hidden in the ground for 
ten days and after that period it emerges from the ground entirely 
transformed—instead of the needle-shaped insect devoid of wings, there 
appears from the ground an oval-shaped insect, possessed of a pair of 
wings. The insect returns to the lake as soon as it is fully 


developed. 


‘The fully developed insects are caught at the water’s edge when 
they are creeping up the land to the mud. The undeveloped slender 
ones are caught at the edge of the water when they creep up to the land 
to go through the process of transformation. The insect is eaten in 
both forms and is considered a delicacy by the Burman.’ 


Termite queens are also eaten in some places in India as in Africa, 
and we can imagine no more dainty or tempting morsel than such an 
insect, which is most carefully fed and tended and which presents a most 
pleasing appearance. In some parts of South India, every boy of an 
age of 12 to 14 is said to be given a termite que n to eat, after which he 
runs a distance of two or more miles; having once done this, he will be 
able thereafter to endure fatigue and run well. The large fat grubs 
of Oryctes are also eaten, and probably many other similar insects. It 
is said to be a common practice among tribes in the wilder parts of India 
to eat the larve and pupe of the big jungle bee, Apis dorsata, found in 
the combs. Soalso rearers of wild silk such as tassar (Antherea papha) 
are known to regard the pup in the cocoon as a delicacy and to eat it 
when the silk has been reeled off. 
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These are all the instances we have been able to gather in India ; 
notable cases elsewhere are the egg masses of Notonecta in Mexico, and 
the Grugru worm of the West Indies; we can vouch for the excellence 
of the latter, which are the larve of the Palm Weevil, Rhynchophorus 
palmarum; these are eaten raw or cooked. Eaton records that in 
Nyassaland, a paste of Mayflies and Culicide is eaten under the name 
of “Kungu.” The Mayfly is Canis kungu, tn. (Monogr. Rec. Ephem., 
p. 148). <A species of Elms (Parmde) 1s used as a relish in Peru 
according to Philippi (Stett. Ent. Zeit., 1864, p. 93). 


The reader should consult Wallace’s article ‘‘On the Insects used 
as food by the Indians of the Amazon’’ (Trans. Ent. Soc., London, 
1854, p. 241). He mentions five insects belonging to distinct orders 
which are used as food; the female of an ant called Sauba (Atta cepha- 
lotes, Latr.) is captured ‘‘ in basketfuls ’’ when it swarms out of the 
nests; Wallace remarks ‘‘ it is rather a singular sight to see for the first 
time an Indian taking his breakfast in the Sauba season. He opens the 
basket and as the great winged ants crawl slowly out, he picks them up 
carefully and transfers them with alternate handfuls of farina (Cassava 
meal) to his mouth.’’ The worker of a termite (Termes flavicolle, 
Perty) is eaten on account of the mass of muscle in the head and thorax, 
a Homopterous insect (Umbonia spinosa) is eaten roasted, as well as 
the grub of the Palm Weevil (Rhynchophorus palmarum) ; finally Wal- 
lace’s last paragraph is worth quoting entire, as it might quite correctly 
have been written in some parts of India. “The apterous insect which 
is eaten by the South American Indians, more, | presume, as a delicacy 
than as an article of food, is a species of Pediculus which inhabits the 
head of that variety of mankind. The method of capturing and de- 
vouring this insect is exactly the same as that which everyone has seen 
adopted by the monkeys at the gardens of the Zoological Society. 
A couple of Indian belles will often devote a spare half hour to Entomo- 
logical researches in each other’s glossy tresses, every capture being 
immediately transferred to the mouth of the operator.”’ 


_ The following extract from Cuvier’s Natural History refers to the 
Migratory Locust (Schistocerca peregrinum) :— 


“Some people of Arabia and of some other countries of the East. 
take them in great quantities, have them dried, ground and made 
ee sort of bread, when their crops have failed. At Bagdad, they 
said oe yea and by this means the price of other provisions is 
fats Bets ee: lowered. According to report, the locusts have 
hundred - ae ‘ vour of a pigeon. One man can easily despatch two 
Bedouins of ie a E meal. The modes of cooking them are various. The 
ereat delica a4 roast them alive upon the coals, and eat them as a 
ee er ae first removed the wings and feet. They also 
children of si Haare: places, the intestines. The women and 
cei Sh Th ee of Arabia Felix, string them together, and thus 
em. e Arabs roast these insects and steep them in butter, 
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and when they wish to carry their luxury to an extreme, they give them 
but a single boil in water, and afterwards fry them in butter. The 
inhabitants of Morocco dry them on the roofs of terraces of their houses 
and eat them either smoked or broiled or boiled. Other people of Bar- 
bary preserve them in pickle. According to Forskeel, there is no great 
relish in this aliment, and if used to too great a degree, it thickens the 
blood, and becomes injurious to melancholic temperaments.’’ 


That the art of cooking insects is not extinct is shown by the fol- 
lowing extract from Harry Roberts’ ‘‘ The Tramp’s Handbook ’’ (1903, 
p. 121). *‘ The larve of cockchafers fried with a little salt and pepper 
are not to be despised, and many of our common caterpillars—including 
those of the cabbage white butterfly and of the currant moth—may be 
cooked in the same way.’’ 


_ The cabbage white butterfly is our Pieris brassice, abundant occa- 
sionally in Behar in April; this insect may then prove to be a 
blessing in disguise. 


HaALiIpPLip&. 


Posterior coxe produced behind in a plate partly covering the abdo- 
men. Antenne bare, ten-jounted. 


A small family distinct by the coxe from Carabide and Dytiscide. 
The antenne are ten-jointed, inserted near the eyes; the scutellum is 
absent; the tarsi are narrow as in 
Carabidz, and not formed for swim- 
ming; in the males the basal three 
joints in the anterior legs are slightly 
dilated. These small beetles are 
found in fresh water, such as ponds 
and streams; they havea habit of 
coming out to gather on plants near 
the water and may sometimes be 
captured in numbers. No Indian 


species seems to have been reared and 
Fig. 156.—HALIPLUS ANGUSTIFRONS, but a very few species are known from 
VENTRAL VIEW OF ABDOMEN TO 
SHOW THE LARGE PLATE-LIKE 


COX. yielded Haliplus pulchellus, Cl., and 


India at all. Cardon’s collections 


H. angustifrons, Reg. The latter is a 
small yellow brown insect with black speckles, found also at light. 


(Plate XVI, fig. 10.) 
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Gyrintp2.—Whirliqig Beetles. 
Antenne short, eyes divided, posterior cone fixed, posterior legs formed 
into paddles. Larva aquatic, imago on surface of fresh water. 

There is little difficulty in recognising members of this family, small 
shiny beetles which move in incessant activity on the surface of streams 
and tanks. They are usually of a black 
colour, the submerged portion pubescent, 
the rest shiny. The head, prothorax and 
elytra are closely fitted, the antennz short 
and inconspicuous, inserted in a groove 
in front of the eyes: the head is well de- 
veloped with the large compound eyes divi- 
ded, so that one partis in the water, one 


part in the air. The fore legs are long and 


slender, the tarsi in the males of some spe- | 
Fig. 157.—DINEUTES 


cles dilated to form a plate which is set INDICUS. 


below with little suckers. The posterior 

legs are modified to serve as paddles, the femur and tibia each dilated 
into broad plates, the tarsal joints forming a single broad plate. The 
elytra may be wholly smooth or simply sculptured, or the ‘‘ submer- 
gence line ’’ extends along it, the part below being pubescent, as is the 


ventral surface of the body. A fcetid liquid is excreted by these beetles, 
presumably as a protection. 


Nothing appears to be on record as tegards the life-history of any 


Indian form ; elsewhere the known larve are aquatic, living in fresh- 


Fig, 158.—GyRintp LARVA, x4, 


water tanks and streams near 
processes on each abdominal] 
apical abdominal hooks. 


or at the bottom; this larva has lateral 


Segment, functioning as gills, as also four 


and is active .« ‘ : 
and is active and predaceous on other aquatic 
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insects. The pupa is in a papery cocoon fixed to water plants. The 
adult lives on the surface of the water, the broad paddles propelling it 
swiftly along the surface, where it feeds on small insects which it finds 
near the margin. Numbers may be seen on the margins of fairly still 
water, continually describing complicated movements together ; when 
alarmed, they plunge below the surface of the water, carrying a bubble 
of air attached to the hind end. Some species are confined to smooth 
still water, others to swift mountain streams. All are unable to walk 
on land and they are found away from water only when flying at night, 
when they come to light. -The family has no economic importance 
and has been little studied; nothing is known of their hibernation, 
enemies and the like. 


Regimbart’s latest monograph (Genera Insectorum) enumerates 34 
Indian species, in the genera Dineutes (4), Aulonogyrus (1), Gyrinus (2), 
Orectocheilus (27). Orectocheilus gangeticus, Reg., is the common plains’ 
species, a medium sized black species found abundantly at the margin 
of rivers. Dineutes indicus, Aube., is a larger insect found on streams 
and stagnant water both in the plains and in the hills. 


POLY MORPHA. 


If we omit the large distinct, series of beetles the Lamellicornia, 
Adephaga, Phytophaga, Rhynchophora and Heteromera, there remains 
a great assemblage of beetles, many of which fall into well marked 
families, but a proportion of which are extremely difficult to unite 
into natural families. Especially is this the case with the numer- 
ous forms which live in decaying wood, under the bark of trees, or in 
mushrooms; these beetles areimperfectly known, their structural charac- 
ters are very varied and no simple and accurate method of classing them 
has yet been arrived at, largely through the fact that but few are known. 
This, while true of these insects as a whole, is still more the case with 
the Indian forms, of which scarcely anything isknown. Nominally these 
beetles fall into two series, those with antenne distinctly clavate, those 
with antenne distinctly serrate ; but many which have other structural 
affinities with one series have not clubbed or serrate antenn : their tarsal 
characters vary in even what are regarded as the limits of a family 
or sub-family ; and actually many families are characterised by sucha 
number of characters relating to the trophi, antenne, coxe, tarsi, ven- 
tral abdominal segments and the like that the diagnosis to be of any use 
must be extremely full and detailed, occupying far more space than 1s 
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While we have given a brief diagnosis of the families 
d in India, we are not sanguine that the stu- 
1 its family by consulting these diagnoses. 
Some of the larger families are distinct enough ; for the rest if the char- 
acters obviously agree with any diagnosis, the beet'e can probably be 
placed provisionally in that family ; if, as in many cases, the student 
abandons the task as hopeless, there 1s no remedy but to consult some 
work in which the diagnoses are given in fuller detail. 


Actually a large majority of the smaller obscurer Polymorphous 
beetles found will undoubtedly be new and while their characters may 
agree with known genera, they are likely not to and we must anticipate 
the formation of new groups of beetles when our fauna 1s better studied. 
Finally in this heterogeneous group above all, a good reference collec- 
tion is essential as the actual interpretation of the characters and their 
just appreciation is no easy matter and is only to be gained by practice 
and experience. The majority of the following families can usually 
be distinguished, so far as known Indian forms are concerned :— 


available here. 
we know to be represented 1 
dent will place every beetle 


Hydrophiide.—Antenne of three parts, fitting under head; a 
sternal spine often. Part aquatic. 
Pselaphide.—Tarsi three-jointed. Elytra truncate. Abdomen of 
7 or less segments, not mobile. 
Staphylinide.—Tarsi_ three-jointed. Elytra truncate. Abdomen 
7 or 8 mobile ventral segments. | 
Spherude.—tYarsi three-jointed. Antenne clubbed. Three ventral 
segments. 
Trichopterygide.—Tarsi three-jointed. Wings fringed with hairs. 
Very minute beetles. 
_ Corylophide.—Tarsi four-jointed, first joint very small. Wings 
hair-fringed. Very small. 
_ _ Scaphidide.—tarsi five-jointed. Antenne with the five apical 
joints broadened. 


Histeride.—Tarsi five-jointed. Elytra truncate. Short clubbed 
antenne. Hard compact beetles. 


Phalacride.—Tarsi  five-jointed, fourth very small. Posterior 
coxe contiguous. 
N iidulide.—Tarsi five.jointed, fourth very small. Posterior 
coxe not contiguous. Elytra often abbreviate or truncate. 
_ Progositide.—Tarsi five-jointed, first very small. Antenne with 
apical joints broadened on one side only. 


Erotylide.—Tarsi five-jointed, basal three br 
fifth long (c.f. Chrysomelide), Antenne Ra as sei ae = 


WaYalayl ’ wg nee 3 oe . 
Coccmellide.—Tarsi four-jointed, third very small. Antenne not 


clubbed. 
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Endomychide.—Tarsi four- jointed, third very small. Antenne 


clubbed. 

Lathridiide—Yarsi three-jointed. Five visible ventral segments 
(c.f. Staphylinids). 

Dermestide.—Tarsi five-jointed. Antenne short, clubbed, and 
hidden in a groove in prothorax. 


Byrrhide.—Tarsi five-jointed ; small, hard compact beetles, the 
femora fitting into the coxe. 


Heteroceride.—Yarsi four-jointed. Antenne with seven apical joints 
broadened. Aquatic, in mud. 


Parnide.—Tarsi five-jointed, fifth long. Aquatic. 


Bostrichide.—Usually cylindrical, hard, and rugose. Tarsi five- 
jointed, basal joint small. Antenne often serrate. 


Ptinde.—Usually cylindrical, hard, and rugose. Tarsi five-jointed, 
basal joint not small. Antenne often serrate. 


Malacodermide.—Sott beetles, with 6, 7 or 8 ventral segments, 
antennze pectinate or serrate. 


Elaterrde.—Antenne pectinate or serrate usually. Prosternal process. 
Hind angles of prothorax prolonged backwards, prothorax movable. 


Buprestide.—Antenn serrate. Prosternal process, prothorax fixed. 
Tarsi five-jointed, basal four with pads. 
HyDROPHILID&. 

The antenne with a long basal joint, the remainder forming a club, the 
apical joints broadened, fitting below the head. Tarsi 
five-jonted, basal joint often small. 

This family is recognisable by the antenne, which are of the form 
figured (fig. 137), the broader apical joints being pubescent. They con- 
| sist of a basal joint, a club of three to five 

joints and one to three small intermediate 
joints. They often bear a general resem- 
blance to Dytiscida, the aquatic forms having 
a similar oval form but being less compact. 


The terrestrial forms are more globose and 


rounded, but with the general facies of the 
family. They are black or dull-coloured 
insects, generally less than half an inch 
long. The head, prothorax and elytra fit 


closely, and are usually smooth and_ shin- 


ing. In the aquatic species, the hind 


OLIVACEUS. 
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legs are slightly flattened and set with hairs, so as to render them 
capable of acting as paddles. 

The life-history of no Indian species has been worked out and 
nothing appears to be on record. The life-history of aquatic species else- 
where is known and the student should 
consult Miall’s ‘‘ Aquatic Insects.’’ The 
eggs are laid in a case formed of filaments 
excreted from the silk tubes at the anus of 
the female beetle; this case is hollow and 
has a projecting process like a mast; it is 
fixed to aquatic plants at the surface of the 
water. The young are similar in general 
form to those of the Dytiscids (the tarsus 
with one claw) and also predaceous; air is 
obtained by bringing the large spiracles at 
the hind end of the body toe the surface. 
Pupation takes place in the mud. The 


beetles swim actively and obtain air by 
Fig. 160.—HYDROPHILUS 
: : PICEUS LARVA. 
contained on the lower surface of the body (After Chapuis.) 


and communicating with the cavity in which 


coming to the surface head up, the air being 


the antenna lies; when the head comes up, the air supply is in 
contact with the atmosphere through this channel and is renewed. 
The beetles are principally vegetarian and not predaceous. Only a 
part are aquatic, some being found in mud, near streams and ponds, 
under the bark of trees and in dung. | 


The family is a moderately large one, divided into five sub-families 
as follows :— 


I. Basal joint of posterior tarsi short, second 
long. 


(a) Posterior tarsi formed for swimming 
a ye 
A sternal process present 


| Hydrophiline. 

(aa) Posterior tarsi normal. No sternal 
rocess 

Pp Hydrobiine. 


Four basal joints of posterior tarsi short 


and equal Spercheinee 
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Ill. First basal joint of posterior tarsi very 
short, rest short and equal .. .. Helophorine. 


IV. First basal joint of posterior tarsi elon- 


gate .. sh ne .. Spheridine. 


Régimbart’s papers (Ann. Soc. Ent., France 1903, p. 52 and 
p. 331), should be consulted for descriptions. The Hydrophiline are 
aquatic and eighteen Indian species were listed by Atkinson, 7 having been 
since described. Hydrophilus includes among several species the com. 
mon species H. olivaceus, Fabr. ; this may be found in tanks and should 
be handled cautiously on account of the large spine projecting from the 
sternum beyond the hind coxe. The European H. piceus, Linn., is not 
an Indian species properly, though captured in the Himalayas. 
Hydrous has the sternal spine shorter and a double keel. The larger forms 
of these two genera are revised by Régimbart under the same Stethoxus 
and Dibelocelus : (Ann. Soc. Ent., France, 1901, p. 188). Out of forty 
species the seven following are given as ‘‘Indian:’’ 


H. senegalensis, Perch.; H. olivaceus, Fabr.; H. cashmirensis, 
Redt.; H. rufoinctus, Bedel.; H. indicus, Bedel.; H. acuminatus, 
Mots. ; H. piceus, Linn. 


These larger forms can be identified from this paper, but the student 
must remember that the smaller forms are still listed under H ydrophilus. 


Hydrobiine.—These include the smaller aquatic beetles which are 
found in water, but which crawl along the bottom near the edge rather 
than swim freely. The females lay eggs in cases fixed to plants or which 
they carry with them. The larve are predaceous. 


Philhydrus nigriceps, Westw., is common and widespread. Berosus, 
deerescens, Wlk., is a small species found in tanks.  Berosus indicus 
Motsch., Brachygaster indica, Muls., and B. metallescens, Muls., are 
recorded. Globaria leach, Latr., represents this genus. 


Spercheine.—So far as known, these are aquatic, their larvae preda- 
ceous in stagnant water. Spercheus is the common genus but none are 
known in India. 

Helophorine.—Not strictly aquatic but living in mud; Hydrosus 
hinodosus, Motsch., H. opacus, Motsch., and H. violaceomicans, Motsch., 
are the recorded representatives of this group. 
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SILPHID &. 


Antenne usually clubbed. Abdomen of five or six segments, free. Eyes 
finely granulated. Tarsi of four or five joints. Anterior 
cox conical and contiquous. 


A larger family of beetles of varied form, usually of small size. The 
elytra are sometimes truncate, exposing the apex of the abdomen, but 
usually cover the whole abdomen. The 
posterior coxe are contiguous. The 
known larve are flat, tapering to the 
hind end, with a pair of anal cerci and a 
distinct labrum; no Indian larve are 
known. The beetles have, in general, 
similar habits to the Staphylinids but a 
few (Necrophorus, 
etc.) of the larger 
are the so-called 


Sexton or Bury- Fig. 161.—Smpua TETRASPILOTA. 
ing Beetles, which 

by removing the soil below small animal’s 
corpses bury them, and then feed and breed 
in the decomposing body. The latter are not 
known inTropical India. One species has been 
Sent in as being. destructive to dry cured fish 
in Sylhet, with Necrobia ruficollis, Faby. 


ercostesltlliuniens, 


pat 


' 


(Clerida@). 
He tio x Necrophorus is represented by N. nepalensis. 
1g. 102.—NECRODES : - 6! bd , : 
LITTORALIS ; LARVA, Ho., in the Himalayas, and N. encaustus, Fairm., 


(After Chapuis.) from Simla, Necrodes osculans, Nig., is Indian, 
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as are 7 species of Silpha, of which S. tetraspilota, Fabr. (fig. 161), is 
not uncommon in the plains. Nodynus nitidus, Ho., Apatetica lebioides, 
Ho., Choleva vestita, Murr. and Aclypea sculpturata, Grouv., are the 
remaining species. Portevin has recently described eleven new species 
(and four new genera) from the collection made by Mons. Harmand at 
Darjeeling. (Ann. Soc. Ent., France, 1904, 1905.) 


Apatetica lebioides, Westw., is described and figured from the 
Himalayas (Cab. Or. Entom. Pl. XLI, fig. 9). It is in appearance a 
Carabid, and with its ally Pteroloma was formerly placed in the Cara- 
bida@. 


SCYDMANIDA. 


Elytra covering the abdomen, which is six-jointed below. Eyes coarsely 
granulated. Tarsi five-jointed. 


This family includes small, usually winged beetles, of brown colour, 
covered with erect hairs, and in structure closely allied to the last family 
from which they differ in the eyes and the more conical form. They are 
found in ants’ nests, in decaying vegetation, under bark, etc., and are 
probably largely predaceous, though there are few actual records of the 
food. The 14 known Indian species belong to the genera Scydmenus 
(9), Syndicus (1) and Hwmicrus (5); they are of no economic importance 
whatever, are only seldom found and are never abundant. 


PSELAPHID A. 


Elytra short ; abdomen of fiwe (rarely six) ventral segments ; maxil- 
lary palpi large and tarsi three-jointed. 


An extensive family of small beetles, imperfectly known. It differs 
from the next chiefly in the abdomen. The colours are sombre, brown 
predominating. The beetles are known to be predaceous on small forms 
of life, such as mites and in some cases (Claviger) are myrmecophilous; 
the family is widely spread but little known. Two sub-families are recog- 
nised, Pselaphides with many genera, Clavigerides with few. The 
family are of no importance economically and our knowledge of Indian 
forms must remain small until Indian beetles are far more carefully 
collected. 
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(Ann. Soc. Ent. France- 


Raffray has catalogued the known species 
He lists 53 Pselaphines 


1903-1904, and Genera Insectorum, 1907). 
and one Clavigerine as occurring “in India,’ , " 
the majority having been found in Ceylon 
and Burma. (No less than sixty additional 
Indian species are characterised by Raftray 
as ‘‘species mentioned by Motschoulsky 
but not ‘‘described;’’ these are included 
in Atkinson’s catalogue but are not valid 
species). Rafiray has since described nine 
species from the Nilgiris and Belgaum ( Ann. 
Soc. Ent. Belge, 52, 205). We have found 
one species in an ant’s nest (Myrmecocystus 
setipes) in Behar; the only known Indian 
Clavigerine beetle is Mastiger abruptus, Fig. 163.—DINOPTERUS 


Mots., described as from Calcutta. CEYLONIOUS. 
(After Raffiray.) 


STAPHYLINIDA.—Rove Beetles. 


The elytra truncate and covering only the base of the abdomen, which 
is long with ten dorsal and at least seven visible ventral segments. 
Tarsi variable, three, four or five-jointed. 


| ie this family are small beetles, rarely exceeding one-quarter of an 
inch in length, usually recognisable in the field from all but Nitidulide. 
The colours are usually sombre, browns and blacks as in most surface 


insects, while a few which live o ist 
penl on lant . 
colouring (¢.g., Pederus). : Pe eee ee 


: The antenne are of moderate length, simple, the head large with 
short biting trophi; the prothorax is distinct, the sides of the body 
se as parallel and the abdomen long, tapering and flexible The 
arge lolded wings are concealed under th | 
ree e small truncate elyt rhi 
meet in a straight line in the middle over the base of the ae ee 
: . men. 


The legs ar : 
three ei a eae formed for rapid running ; the tarsi are often 
Zi GQ, 1n SOMe four or five-joj ; 

nted thr 
the fore tarsi are four-jointed. the J throughout, and in a number 


' posterior tarsi wi . aah 
The integument is less arsi with five pairs of joints. 


thick 
5) oa and hardened than in most beetles 
} minal seg S are mobile and r i . 
d readily turn up, s 

, Suggesting the 
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Forficulide which these beetles much resemble at first sight. The tip 
of the abdomen iscurled upwards over the dorsum to assist in packing 
away the wings under the small elytra after flight. 

Nothing is on record as to the life-history of Indian species. In 
general the larve resemble the imagines in general form, with large 


Fig. 165.—LEPTOCHIRUS MANDIBULARIS 
LARVA (LEFT): HOLOSUS TACHINIFORMIS. 
Fig. 164.—Le0cocrasPe (From Kraatz.) 
DUM PULCHELLUM. 
(From Kraatz.) 


heads, shorter antenne and prominent mandibles : the body tapers and 
is provided with two dorsal processes and a short anal tube. The latter 
assists in locomotion much as the anal prolegs of a caterpillar. The 
larval habits are probably similar to those of the imagines, though the 
larve live a more retired life and are not readily found. They form 
par t of that great fauna which lives on the surface of the soil in conceal- 
ment, and of whose habits we are profoundly ignorant. The study 
of the habits of this immense fauna is far less advanced than that, for 
instance, of the plant feeding species and there is here an immense 
field for research. 
WL 19 
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The beetles have a variety of habits, feeding on decaying vege- 
tation, decaying animal matter, small insects and probably other small 


Fig. 167.—HEAD OF LARVA 
OF STAPH YLINUS CHLOROP- 
TERUS. 

(After Perris). 


Fig. 166,—STAPHYLI- 
NUS CHLOROPTERUS. 
LARVA. 
(After Perris). 


forms of life. A few frequent plants for the purpose of obtaining plant 
sap or pollen. Some live upon fungi and none are known to be feeders 
on living plant tissues or directly injurious. They are, on the whole. 
Scavengers, with a tendency to being predatory. Exceptional species 
have been found in ant’s nests, and there are probably a considerable 
number of these Myrmecophilous forms in India. The larger forms can 
exsert two vesicles from the hind end, which set free a noisome fluid. 


The family is a very large one, not much studied. Atkinson lists 
Indian species and over 60 have been since described. The papers 
of Motschulsky and Kraatz prior to the Munich Catalogue, and those 
of Fauvel and Eppelsheim more recently, contain the descriptions of 
most of our species. Wassman has described the Myrmecophilous 
forms. We figure the large Staphylinus semvpurpureus, a giant among 
the species of this family found in the moister parts of India. 
The only common genus likel 

Peederus whicl 
blue, which 
They have been seen 
injurious and at 
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non plants and run actively about on crops. 
his feed on pollen but have not been found to be 
times they are certainly predaceous on smal] 
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insects; im one instance they fed upon the egg masses of Caradrina 
exigua and destroyed large numbers. 


Fig. 168.—MYRMEDONIA Fig. 169.—STAPHYLINUS SEMIPUR- 
LEVIGATA KR. PUREUS 


(From Kraatz). 


Collecting. Staphylinids are found most readily by searching in 
damp decaying vegetation, in rotting fruits, under stones, at small 
carcases ; many come to light and a few are found on plants or running 
on the surface of the soil. Moisture seems to be a necessary condition 
for their well being. None appear to have been reared in India. For 
the collection all but the largest forms should be very carefully gummed 
on card, the abdomen being carefully drawn out as it is apt in drying 
to shrink. It is to be hoped that more attention will be paid to the 
habits of these small and insignificant insects, which may be found to 
play an important role. Careful observation and rearing is required 
coupled with through and exhaustive collecting ; results of great inter- 
est and possibly of economic value will reward the patient investigator. 


TRICHOPTERYGIDZ . 
Antenne with a three jointed club. Elytra abbreviated or complete 
Wings fringed with har. 
The smallest known beetles are here included, measuring from | 25 


to 1/75 of an inchin length. A characteristic feature is to be found in 
the wings, which consist of a narrow stalk bearing a blade set with long 
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hairs on each side. These wings fold under the elytra. These little 
beetles are found amongst decaying vegetable matter and under the 
bark of trees; most are shining brown and are apt to be passed by on 
account of their small size. They are often found in numbers together. 
No Indian species appear to have been reared. The ae of the known 
species are stated to be active and predaceous on small maects. Pteni- 
dium macrocephalum, Nietn., with several Ceylon species is recorded. 


CORYLOPHID. 


Very small beetles, the antenne of peculiar form, six free abdominal 
segments, tarsi apparently three-jornted. 


Like the Trichopterygida , many of these small beetles have fringed 
wings. Eleven species are known from Ceylon and one from Burmah. 


SCAPHIDIIDA. 


Abdomen with six or seven visible ventral segments, the basal ventral 
segment large. Tarsi of five joints. Elytra truncate, with two 
longitudinal strie, with raised points between. Antenne with the five 
apical joints broadened. 


These small beetles are found in mushrooms and beneath stones. 
They are recognisable only from careful examination of the whole 
characters. The antenne are but slightly clubbed. The truncate 
elytra expose only the apex of the abdomen. The wings are well 
developed and the beetles are active. The apex of the abdomen 
as seen from below is conical and rather long. Only a few genera 
are known and these are widespread. Scaphidium conjunctum 


Motsch., S. lwnatum, Motsch. and S. cyanellum, Obart, are recorded 
as Indian with several Ceylon species. 


HISTERID &. 


Elytra usually truncate. Inteqgument hard, body compact. Antenne 


of one long basal joint, a number of small joints(7), and an apical 
club of three joints. 
These small hard beetles are 


generally recognisable at sight from 
their general build and the 


above characters. Nearly all are black or 


dark blue, a few variegated with brown or yellow. The colouring 
is that common to so many beetles which live in concealment and on the 
soil. The body is thickset and short, sometimes very markedly flat- 
tened; the integument is peculiarly hard and the whole structure com- 
pact and neat. The upper surface is commonly bare and shining, the 
elytra smooth or with indented lines between which are punctures, whose 
form is sufficiently constant to serve in species discrimination. The 
head is small and retracted, the antennz short, hidden in repose, the 
biting mouth-parts well developed, the mandibles often long and con- 
spicuous. The prothorax is large. receiving the retracted head and 
broadly united to the abdomen. The elytra are truncate behind and 
do not cover the pygidium. The legs are short, folding under the body 
in repose, the tibize broadened and fitted for digging. 


No species appear to have been reared in India, and little is known 
of the details of the metamorphosis of the family at all. So far as known 
the larve are active and predaceous. They have anal cerci, the labrum 
and ocelli are wanting and they live wholly in concealment. The 
adults are found under bark or stones, among roots, in dung, in car- 
casses, in dead insects; some (Teretrivus, Teretriosoma), are known to 
be predaceous in the bores of Bostrichid beetles, others on insects 
found in the spots they frequent. A species of Hoster is stated to 
feed on Agrotis larve in Corsica (Ann. Soc. Ent., France, 1864, p. 304). 
How far they are scavengers themselves and how far predaceous upon 
insects is uncertain ; none are in any degree injurious and it may be 
found that as a whole they are beneficial. They are rarely found 
in the open by day and are principally nocturnal in habit. 


Marseul’s Catalogue (Ann. Soc. Ent., France, 1862), enumerated 
1010 species of which 51 were Indian. Many additions have been made 
since that time and Lewis has published descriptions of many new spe- 
cies in the ‘* Annals of Natural History.’’ In his recent Catalogue, 
Lewis enumerates 95 as occurring in India and Assam, apart from 
Ceylon and Burmah. These are Niponius (3), Hololepta (5), Trype- 
licus (1), Teretriosoma (4). Teretrius (1), Plasius (1), Apobletes (2), 
Platylister (3), Platysoma (6), Eblisia (1), Pachylister (5), Huster (23), 
Epierus (1), Pachylomalus (1), Cypturus (4), Phelister (1), Anag ymma 
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ary 4breus (3), Halacritus 
(1), Notodoma (1), Sitalia (1), Epiechinus (1), Abreus (3), 
(1), Saprinus (14), Gnathoncus (1). 


Fig. 171.—HOLOLEPTA 
INDICA. 


Fig. 170.—PACHYLISTER 
BENGALENSIS. 


The family is divided into a number of sub-families which need 
not concern us. Hololepta and Platysoma include flattened black spe 
cies found under the bark of trees, where they prey upon bark- 
feeding insects. In Hololepta elongata, Er. this flattening is carried 
to an extraordinary extent, the beetle being scarcely thicker than a 
visiting card. Hister is the abundant genus with many species; H. 
javanus, Payk. is common in cow dung in the plains as is also H. bipus- 
tulatus, Fabr. var immaculatus. Saprinus interruptus, Payk. repre- 
sents this genus commonly, the beetle being black with a large yellow 
blotch on each elytron. 


PHALACRID&. 


Antenne with a distinct three-jointed club. Tarsi 


joint small. Abdomen 
globular, 


five-jointed, fourth 
five visible ventral segments ; front core 
hind coxe contiguous . | 


A family closely resembling the next, but distinct in the structure 


of the coxe. There are but few genera and the Indian species appear 


to be little known. Olibrus (5 Spp.), dugasmus (3 spp.), and Phalacrus 
(0 spp.) are the recorded genera, 


NITIDULID &. 995 


NITIDULID 2. 


Antenne with a club of three joints. Tarsi five-jointed, fourth joint 
smallest ; abdomen with five free ventral segments. Anterior coxe 
transverse ; elytra often truncate. 


Small beetles, of brown or black colour, finely pubescent above, 
which have a general resemblance to Staphylimde as many have the 


Fig. 172. -CARPOPHILUS HEMIP— 
TERUS, x 20. 


Fig. 173.—LARVA OF AMPHI- 
CROSSUS DIS-COLOR. 


elytra truncate, leaving the apical half of the abdomen exposed. The 
structural characters above separate them from other beetles and they 
can often be recognised in the field. 


The known larve live principally in flowers, feeding, for instance, 
on the anthers, but also in dead animals and in decaying fruits. Car- 
pophilus hemipterus, lives in dried fruits and similar food articles, feed- 
ng on this or possibly on moulds or fungi growing on this material. It 
has been reared from larve found under the sheathing leaves of 
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bamboos. The beetles are found in a variety of situations; many come 
to fallen fruits or to damaged fruits or plants to obtain the sap. 
Others are found in _ flowers, 
particularly cotton flowers, in 
injured bolls, in the bores of 
insects, at cut canes, in almost 
any situation where they can 
obtain the sap of plants. Others 
res ait: eae Fig. 174.—CARPOPHILUS HEMIPTERUS, 
matter, or in hiding at the roots LiRvAcuy oo 
of plants, under leaves, etc. They 
have also been found breeding in the decaying fibres of the fruits of 
a palmyra palm and are common among decaying vegetable matter 
breeding freely in decaying mangoes, for instance. Others are found 
killed by the sticky leaves of the tobacco plant. 

Murray summarises the habits of the group as follows :— 


‘’ The chief function of this family is that of scavengers. Their 
main business is to clear off decaying substances from the face of the 
earth, especially those minute and neglected portions which have es- 
caped the attention of other scavengers whose operations are conducted 
on a larger scale. We may characterize them in one point of view as 
retail scavengers. They are so to speak, users-up of waste 
materials. After the beast of prey has satisfied his hunger on the 
animal he has slain, after the hyana and the vulture have gorged them- 
selves onits carrion, after the fly with its army of maggots has consumed 
the soft parts, after the burying beetles and the Silphide have borne 
their part in the clearing away and when nought but the bones remain, 
then come the Nitidularie to go over what they have left, to gnaw off 
every fragment of ligament or tendon and to leave the bones as nearly 
in the state of phosphate of lime as external treatment can. In another 
point of view, however, their employment is wholesale and wide enough. 
They conduct their Operations all over the world, their branches extend 
se gate et he mate wih wih thy have 

; ste, have no other limit to their variety or their 
number than the organized substances found onthe surface of the globe. 
As In all great establishments, too, the principle of division of labour 
is carried to a great extent. Kach different kind of substance has a 
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different member of the firm told off to take charge of it. One species 
confines itself to rotten oranges, another to bones, a third to putrid 
fungi, a fourth to decaying figs. Decaying wood, decaying bark, decaying 
flowers, decaying leaves, all furnish distinct employment to different 
species. They are not all scavengers, however. Many pass their lives 
in flowers; others feed upon fresh victuals ; and Mr. Frederick Smith of 
the British Museum has, whilst I write, brought to my notice a species 
of Brachypeplus (B. auritus) which he has received from Australia, in 
a wild bee’s nest, where it feeds, both in the larva and perfect state 
on the wax and honey.” (Trans. Linn. Soc. Lond., XXIV, pp. 211-414 
1864.) 


Though of no economic importance, they are common insects and 
will be readily observed on crop plants under circumstances that would, 
in the absence of careful observation, give rise to the suggestion that 
they were themselves the originators of damage, whereas they are es- 

sentially the followers of decay. 


Murray monographed part of the family in 1864. (Trans. Linn. 
Soc., XXIV), while Reitter completed the work in 1873 (Verh. Ver. Brunn., 
XII, pp. 5-194). Many species have been added since by M. Grouvelle, 
including Father Cardon’s species (Ann. Soc. Ent. Belge, 1891, 1892), 
and Harmand’s Darjeeling species (Ann. Soc. Ent. France, 1903, p. 108). 
A total of over 100 are known from India inclusive of Ceylon. Carpo- 
philus foveicollis, Mur. and C. hemipterus, L., are found under the sheath- 
ing leaves of bamboos where their larve live and the latter, with other 
species, breeds freely in dried fruits in stores and godowns. C. dimi- 
diatus, F. var mutilatus, Er., is the common small brown species found 
in borer holes in canes, in cotton flowers, etc.,in the plains. It has 
been reared from larve found in bores of Chilo simplex in juar, the larveec 
feeding in the decomposing tissues. They pupated in the soil and re- 
mained two months as pupx during the cold weather. Amphicrossus 
discolor, Er., is a rounder deep brown insect, which has been bred from 
larve found under the bark of Semul (Bombax malabaricum). 


COSSYPHODID. 


A small family of beetles, separated by Wassman from the foregoing 
and following families to receive certain Myrmecophilous insects. 
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Cossyphodinus indicus, Wassman, lives with Pheidole sulcaticeps, Rog.. 
a 2 4 : 1° Ke 

and is the sole recorded Indian species. (Fig. 153). 


COLYDIIDA. 


‘ ] f 4 TN pon , A ote _ 
Antenne clubbed or dilated towards the apex. Tarsi four-jointed , 
five visible ventral segments. 


These are small beetles of varied form found under bark. in decay- 
ing trees or in fungi. They are not common and but few species are 
known from India. Tarphiosoma indicum, 
Wal., is described from Coimbatore. 
Dastarcus and Colobicus are also re- 
presented. Botrideres is, im LKurope 
known to be predaceous on the larve of 
the Bostrichid beetle, Sinoxylon, which 
bores in wood, and Stebbing records 
the same in India. A total of 17 species 
are recorded, Dastarcus indicus, Fairm., 
being common under the bark of trees 
in the plains. 


Fig. 175.—DASTARCUS INDICUS. 


LATHRIDIID#, 


Tarsi three-jointed ; antenne with a club formed of one, two or three 
jonts. Ventral abdominal segments five or six, free, the first longest. 


Small beetles rarely more than one-tenth of an inch long, found in 
ants nests and in decaying vegetable matter, where it is supposed they 
eat fungi. None appear to have been reared in India. Wassman 


writes about Coluocera madera, Wall. and (. Beloni, Wasm. Zeits. Wiss. 


Insecten Biol. I, p. 384) which live with Prenolepis longicornis and 


Pheidole spp. in India. Assmuth observed the former to move with 


the ants along their runs when shifting nests and Wassman comments 


on the fact that C. Madere, like Myrmecophila prenolepidis, is found in 


the nests of this ant in South America as in India, the beetle and cricket 
having apparently been carried by shipping with the ant. 
Kighteen species are recorded 


: : : 
. in Genera Insectorum as Indian: 
Coluocera (1\, Holoparamecus (6), 


Lathridius (1), Eriemus (1), Cortica- 
ria (3), Melanophthalma (5), Migneauxia (1), mei 
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TRoGgosItIpa (TEMNOCHILID®, OsToMip«). 


Tarst with four apparent, but five actual (the first small), joints. An- 
tenne with terminal segments dilated at one side. 


These beetles may be recognised with care, though superficially 
they closely resemble those of other families. They are small dark 


Fig. 176.—TROGOSITA 
MAURITANICA, X 3. 


coloured beetles, with short antennex, a well 
developed prothorax, the elytra closely 
fitting over the abdomen and short running 
legs and are predaceous in their habits. The 
species are in general found under the bark 
of trees and in decaying woody matter. Ten- 
ebroides (Trogosita) mauritanica, Linn., is a 
cosmopolitan insect of which much is written 
but little known. It is commonly found 
in stored grains such as wheat, etc., and in 
almonds and similar seeds, but is generally 


accounted as a predaceous insect, really useful since it feeds on other 
insects that feed on the wheat; against this must be put the fact 
that it has been reared in India more than once from almonds and 
rice in which no other insect was found; it is probable that, in view 


Fig. 177.—TROGOSITA 


MAURITANICA LARVA, X 3. 


Fig, 178,—ALINDRIA PARALLELA, X 13. 
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of all the evidence, the larva is grain-eating, the beetle predaceous, 
that it was once a grain-eating insect, became predaceous, but still 
can feed on grain if insects are not available. A. M. Lea records 
both larva and imago as feeding on caterpillars in Tasmania 
(1908). The larva causes a peculiar form of injury to wheat seed, eating 
out the embryo only and leaving the remainder of the grain intact. 
It is worth noting that it is found living in the open, the larva feed- 
ing on larve that live under the bark of the oak and chestnut trees in 
Europe. Alindria parallela, Lev., is a larger black insect caught at 
light during the rains and Lardites chevrolati, Reitt., is to be found 


under the bark of trees. 


A. Leveillee has catalogued the family (Ann. Soc. Ent., France, 
1900, p. 1). He gives 17 species as found in the Indian region including 
Alindria (3), Melambia (4), Temnochila (1), Asava (1), Tene- 
broides (1), Acrops (3), Gryncharina (1), Ancyrona (3) . 


MoNOTOMID. 


Two Darjeeling insects are recorded, .Kurops indica, Grouv. and 
Europs harmandi, Grouv. (Ann. Soc. Ent., France, LXXI, p. 123). 


CucuUJIDz. 


Usually small brown flattened beetles, tarsi apparently four-jointed, the 
first jount often small. Antenne long, with a small 
club (often absent). 


These little beetles do not readily come into a general definition 
and are not easily recognisable. The family as a whole are found under 
tree bark, in decaying wood and attacking stored produce. Several 
species are found feeding upon grain and_ stored produce in India, 
and others have been recorded in Indian Museum Notes. The most 
noted is Silvanus surimamensis, Fabr.,, whose larva- lives in dried 
fruit, flour, dried mohwa (the calyx of Bassia lati 
table matter. The complete life-histor 
eggs are laid in the food, the larve 
and pupate in a chamber closed in 


folia) and similar vege- 
y occupies about 7 weeks: the 
feed inside or between two pieces 


a! with bitten pieces of their food. 
This insect causes considerable annual loss in India, attacking Mohwa 


CUCUJIDH. 3()] 


for instance, during the rainy weather and breeding in it steadily till 
much is lost. Laemophleus pusillus, F., is a brown beetle which has 


Fig. 179.—SILVANUS SURINA- 
MENSIS, x 20. 


Fig. 180.—SILVANUS SU- 
RINAMENSIS, LARVA, x 20. 


been reared from larve in dried fruit 
and in ship’s biscuit in Calcutta. 
Lemotmetus ferrugineus, Gerst., was 
recorded as feeding upon cut cane 
and probably habitually feeds upon 
sap. L. insignis, Grouv., was found 
in the wood of a tree bored by 
Sinozylon and is probably equally 
harmless. Hectarthrum heros, ¥. 
(brevifossum, Newm.) is a_ larger 
black beetle, found under tree bark 
and in wood tunnelled by borers. 
About twenty species are recorded 
as Indian, and many remain to be 
recorded when they are more col- 
lected. 


Fig. 181.—CUcuUJUS 
HAMATODES LARVA. 
(From Chapu is.) 
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CRYPTOPHAGIDA. 


Antenne with a three-jointed club. Tarsi five-jornted, rarely hete- 
romerous in males. Five abdominal visible ventral 
segments, first longest. 


Small oblong beetles, pubescent above, found in mushrooms and 
decaying plants. Ten Indian species are described by Motschulsky 
Reitter and Grouvelle. 


HELOTID. 
Five visible ventral segments. Basal tarsal joint reduced. 


This is a small family of beetles resembling the Hrotylide in ap- 
pearance and found feeding on the flowing sap of trees. Helota is 
represented by twenty species from the hills, mainly described by Rit- 
sema (Notes, Leyden Mus:, 1893-1901). Helota mellyi, Westw., is des- 
cribed and figured from Simla (Cab. Or. Entom., Pl. XLI, Fig. 8). H. 
servillei, Ho. (Coleopterists’ Manual, 3, p. 187) from Poona and H. 
Guerinit, Ho. (loc. cit., p. 188), are the previously described Indian 


species. 


THORICTIDA. 


Antenne clubbed ; prothorax large, elytra short. Tarsi five-jointed. 
Head sunk in prothoraz. 


A small family of peculiar beetles, of which very little is known, 
and which are separated on the above structural characters. Thorictus 
heim, Wassm. (Fig. 153), is myrmecophilous and 7. indicus, Grouv.. 
was found at Belgaum. 


EROTYLIDA. 


Antenne with a‘ three or four-jointed club. Tarsi with five joints, 
the fourth joint reduced in some forms, the basal three 
often broad and pubescent. 


A moderately large family of small beetles, found chiefly in mush- 
a a and plant stems, where also their larve live. The fourth tarsal 
joint 1s so small as to be scarcely visible and they appear to have four- 
jointed tarsi. The individuals of the family will scarcely be distin- 
guished by the above characters and the accurate diagnosis of the family 
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includes the trophal characters also. Males and females are much 
alike with no marked sexual characters. Apparently no Indian spe- 
cies has been reared and but few larve 
are known at all. The greater number 
of the species are found in the New 
World; Fowler and Kuhnt have listed 
the family in Genera Insectorum (1909). 

Langurune are represented in India, 
by elongate slender beetles, the elytra 
with metallic blue or green colouring, 
the prothorax dull red or metallic green ; 
they are found on the leaves of plants 
but not apparently in the plains. One 
species (Tetralanguria elongata F.) is very 
common in the hills and can be caught in numbers. This genus in 
America contains the ‘‘ Clover Stem Borer’’ (7. mozardi, Lac.) a 
minor pest and the Indian species will probably be found to be borers 
in plant stems also. A total of 35 species are described from India, 
wholly hill forest insects. 


Fig, 182,—TETRALANGURIA 
ELONGATA. 


Erotyline —A total of 31 species are known, from hill and forest 
localities almost wholly. Amblyopus, Triplax, Aulacochilus, Episcapha 
are the commoner genera. Gorham’s papers on the collections of 
Andrewes should be consulted. (Ann. Soc. Ent. Belge., 1895, p. 328, 
1903, p. 323.) 


MyYCETOPHAGID &. 


Antenne with a two or three-jointed club. Tarsi four-jointed, 
the anterior tarsi three-jointed in males. 


b) 


Small beetles of dull colour found in ‘‘ Mushrooms ’”’ and under 
the bark of trees. No Indian species are recorded, though several are 


known from Ceylon. 


CocctneLLip#.—Ladyhird Beetles. 


Tarsi apparently three-jointed, the second joint expanded and 
pubescent. Antenne short, not clubbed. 


These small beetles are most readily recognised by their oval or 
rounded form, and their warning colours which include black, red. 
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yellow and brown, alone or together. The tarsi at once separate them 
from the family they are most readily confused with in the field, the 
Chrysomelide, these having apparently four- 
jointed tarsi. They are most closely allied 
to the Endomychide but differ in the anten- 
ne, which in the latter are clubbed. These 
beetles are rarely more than one-quarter of 
an inch long; the head is small and nearly Hic disk a a ee 

hidden by the prothorax (see Hippodama) Bi Guevesne ain, oe 

which fits smoothly into the rounded elytra. 

The antenne are not distinctly clubbed, moderately long. The 
short biting mouth parts are not conspicuous. The legs are short, hidden 
under the body and formed for running. Males and females are not 
distinguishable on superficial characters and are of the same size, as a 
rule, the male sometimes smaller. 


The life-history is well known and several Indian species have been 
reared. Kggs are laid in clusters, openly on the plants, and are cigar- 
shaped yellow bodies laid 
'on end. (Plate XVII.) 
The larve are active, 
widest in the middle and 
tapering to either end ; the 
head is small, the thoracic 
segments _ broad. Each 


segment has spines or 
tubercles bearing hairs. 
The abdomen tapers and 
there is an anal foot which 
assists locomotion. Most are black or slate coloured, some a vivid 
red and a number have waxy processes similar to those of the mealy 
bugs on which they feed and which render it difficult to distinguish 
them from their prey. When full grown, they pupate openly on a 
Plant, tie larva firmly fixing itself by its anal foot and the pupa 
remaining often partly enveloped by the larval skin which bursts along 
the dorsal surface. The larval, as the pupal, life is short, the whole life 
history occupying but a short time, often not more than three weeks. 


Fig. 184.—CuH1nocorus NIGRITUS LARVA x 8, 


‘BVI. sf 


PLATE XVII.—Cninomenes Sexmacvutata. 
(Tue S1x-spottep LApDYBIRD Berrie. ) 


Fig. 1. Egg when laid. 

eee ,»» just before hatching. 

,» oo. Larva, first instar. 
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» 8. Cotton plant with aphides. 

» 9. Egg cluster on leaf slightly magnified. 
» 10. Larva = = * 
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», 12. Imago 


The black hair-lines show the actual size of the figures 1—7, and the 
white ones on the plant those of 8 to 12 on the plant. 
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Hibernation or periods of scarcity are universally passed in the imago 
Stage, the beetles living for long periods without food and awaiting 
the proper conditions for egg-laying. 
The imago is protected by the exud- 
ation of oil, in some cases, an acrid 
yellow fluid being excreted at pores 
on the margin of the prothorax or at 
the joints of thelegs. With the excep- 
tion of Epilachnides, nearly all are 
predaceous upon scale insects, mealy- 
bugs, aphides and similar small forms 
of life. Many species are known though 
no complete list of Indian forms is 
available. The most important of the 


plains forms are described below ; this 
Fig. 185.—CHILOCORUS NIGRITUS 


by no means exhausts the common 
LARVA x 8, 


species, and much has yet to be learnt 
of the species which prey upon the less evident forms of pests. Hach 
species appears to have a well defined series of prey, which it exceeds 
only when it must, and we know little of what preys upon the rarer, 
species of Aphides and Coccides. 


A great deal has been written about the value of introducing lady- 
bird beetles to destroy scale insects and the like; hundreds of trials 
have been made, a regular exchange of Coccinellids was established and, 
as a result, there was one real case in which good resulted. Unfor- 
tunately, the idea has been taken up by the Press at different times and 
still crops up. Ladybirds, like parasites, do their best where nature 
puts them, but cannot be moved about the world to eat indiscriminately. 
The species of this country play an essential part in maintaining an 
equable balance of life, and we have a large number of useful species 
which would repay more careful study. Coccinellids are divided into 
two series those with simple or bifid mandibles which feed on insects, 
and those with many toothed mandibles which feed upon plant tissues. 
All of the species mentioned are confined in the first series, excepting 
Epilachna. Crotch revised the family in 1874 and since then Gorham 
has described numerous species (Ann. Soc. Ent. Belge, 1892, 1894, 
1895, 1903) as has also Weise (Ann. Soc. Ent. Belge, 1892, 1895 and 

[LL 20 
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Stettiner, Ent., Zeit. 1908). We may divide the family into the Coccr- 
nellinee insectivorous, Epilachnine herbivorous; the former may 
be divided again. Of the Coccinellini, 84 species are recorded, of the 
Chilocorini 33. of the Scymnini (Scymnus) 29, Eaxoplectrini (Vedalia, etc.) 
10, and of the Rhizobiini (Aulis) five species. In the Kpilachnine 38 
species are described. These beetles are extremely variable in size, 
colouring and markings; climate exerts a marked influence on them, 
and it is possible the number of distinct species is not really so large. 


Coccinella includes three common species, two of which are wide- 
spread in our limits. C. septempunctata, Linn., is the abundant Seven- 
spotted. Ladybird which is found on wheat and mustard. The larve 
are slate coloured with yellow spots, very active and feeding voraciously 
on the wheat aphis (Macrosiphum granarium, Kby.) and the Mustard 
aphis (Aphis brassice, Linn.). The beetle is red with three black spots 
on each elytron and a joint one at the scutellum, with some white on 
the prothorax and head. In the hills, as in Europe, the size of the 
black spots is constant; in the plains it varies immensely and some 
beetles have them so large that they fuse and almost cover the elytra. 
Like their prey, this species is found only in the cold weather in the 
plains ; the beetles have been found to go into dense grass and other 
sheltered spots in March where they apparently remain until the fol- 
lowing cold weather. This species is a very important check on the 
increase of the Aphides it feeds on and one of the most economically 
valuable insects in India. In the Punjab (and rarely further South), 
we find also the Eleven Spotted species, C. undecimpunctata, Linn., 
with a similar life-history and habits. Both are palearctic insects 
which have spread into the Punjab and further south and adapted 
themselves to the conditions by a prolonged period of rest; the evid- 
aes points to this period of rest being passed in the imago stage. 

This Species has only once been found in Behar while it is very commo;. =i 
in the Punjab. Its usual southern limit appears to be in the United 
Provinces. | 

C. repanda, Thunb., 
in the form of three blac 
found abundantly in th 
(Aphis brassice) 


is a widespread insect in the plains, the spots 
k curved bands and a small central spot; it is 
¢ cold weather feeding on mustard aphis, 
, and is reported to feed on Aleurodes bergi, Zehn., in Java. 
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Thea cincta, Fabr., is a round yellowish insect found feeding on the 
fruiting bodies (Perithecia) of the fungus that attacks mulberry leaves 
(Phyllactinia corylea, Karst.). Larve were reared upon this material 
and a great number of individuals were found on the mulberry bushes, 
It presumably has other food also. 


Chilomenes sexmaculata, Fabr., 1s the commonest species in the 
plains. It is a small rounded beetle, varying in colour from red _ to 
canary yellow, usually yellow. It deposits eggs on the leaves of the 
cotton plant, among or near an aphis colony. Each egg is oval, almost 
cigar-shaped, about one-twentieth of an inch long, light yellow in 
colour. (Plate XVII.) In captivity a beetle lays about 90 eggs in clus- 
ters of about 9 each. These eggs hatch in four to five days, a small 
spinose larva appearing which at once begins to feed on aphis; it runs 
actively about seeking aphides and crushed skins of the victims testify 
to its rapacity. In captivity each larva required about 200 aphides a 
day and lived thus for 10 to 13 days. The young larva is black, with 
long legs, the body tapering to the hind end; as it grows older, 
white spots appear and the full-grown larva is black with yellow and 
white blotches. Pupation takes place on the leaf, the larva fixing 
itself by the tail, the pupa only partly emerging from the cast skin in 
some cases. The beetle emerges after four to six days and also feeds on 
aphis. Besides the Cotton Aphis (Aphis gossypii, Glov.), this species 
feeds on Aphis cardui, Linn., and on Aphis adusta, Zehnt. When food 
is not available, the beetle waits, hiding in shelter until food is again 
forthcoming and eggs can be laid. These periods of rest may be of 
many weeks’ duration, but if food is available, the species goes on breed- 
ing except in the very cold weather. 

Scymnus includes the smallest species, 
round pubescent beetles of usually dull brown 
or black colour. Scymnus xerampelinus, Muls., 
is common, feeding on cotton aphis (Aphis 
gossypu, Glov.); the larva is clothed in 
white waxy processes which make it look like 

Fig. 186,-Soyunvs a mealybug; a single larva required 75 
XERAMPELINUS, * 8. aphides daily for its food and lived 7 to 10 
days. The pupa remains in the cast larval 

skin, emerging as a beetle after a week. This species occurs with 
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S. nubilans, Muls., throughout the plains, feeding also oa cotton 
mealybug. We figure Aulis vestita, noe (Pl. LAZY, Figs. 7, 8, 
9), found feeding upon Monophlebus. ‘I his beetle and its larva are 
found on trees infested by this mealybug and would readily escape 
notice. Like its prey the beetle appears only from February or 
earlier to May, and breeds freely at that time ; the beetle is found 
during the rains in concealment on the bark, awaiting the return of 
Monophlebus. (Mem. Agric. Dept., India, Vol. Il, No. VIL.) 
Chilocorus nigritus, Fabr., is a moderate-sized round black bpeme, 
very shiny, which feeds on Aphis cardi as well as several scale insects 
(Asterolecanium) and aphides. It is widely distributed but rarely found 
abundantly. Brumus suturalis, Fabr., is yellowish with black stripes 
on the elytra. It feeds on cotton aphis, cotton mealybug and probably 
other small sucking insects. The larva was reared on Phenacoccus in- 
solitus, Gr.; it is a sluggish insect, grey covered with a fine white bloom, 
measuring about five millimetres in length, two and a half in breadth, 
the abdomen being the thickest part. It eats the mealybugs in all 
stages and pupates among them in the usual way. Clanis soror, We.. 
is a smail round beetle found feeding upon the Castor Mealy Wing 
(Aleurodes, Sp.). The stages are figured. (Plate LXXXI, Figs. 9, 10, 11.) 


Epilachna is herbivorous and is universally distributed. The 
beetles are comparatively large for this family, of a dull red-brown 
colour with black markings. The vari- 
ability of the markings has led to the 
species having many names and it is not 
clear how many species there are. Our 
common ones fall into two types, E. 
dodeca-stigma, Muls, with 12 spots, #. 
vigintiocto-punctata, Fabr., with 28. These 
vary in colour, in size and number of 
Jk) in extent of pubescence, and in Fig. 187.—EPILACHNA VIGINTI- 
the extent to which the colour is ob- OCTO-PUNCTATA. 
scured by dark suffusion. So far as can 
be seen the life-history is the same throughout the common Indian 
forms ; eggs are laid in clusters on the leaves, which hatch to oval 
yellow grubs with spiny processes ; these feed on the epidermis of the 
leaf and pupate there When full grown, in the ordinary manner. 
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Cucurbitaceous and Solanaceous plants are their food and they may 
be destructive when abundant. 


Collecting.—Coccinellids are of such impor- 
tance that no opportunity of collecting 
should be lost. Above all, when collecting, 
it is useful to search carefully for their food ; 
the value of each species depends wholly 
upon their food and while some are restric- 


ted_to one or a very few insects, others are 


Fig. 188.—EPILACHNA 
DODECA-STIGMA. 


probably less restricted. The question of 
food also determines the times at which 
they are prevalent and we are still largely ignorant of how these insects 
pass through the year. Coccinellid larve are very easy to rear if given 
sufficient food and the adults, if well fed, lay eggs freely in captivity. 


ENDOMYCHID&. 


Antenne moderately long with a three-jointed club. Tarsi 
apparently three-jointed but really four-jointed ; 
the basal two joints broad. 


These beetles are distinct from all but the preceding (Coccinellida) 
in the peculiar tarsi ; the longer clubbed antenne further separate them 
from Coccinellide. The family is not a 
large one ; all known are apparently feeders 
on lichens and fungi, and are found in 
concealment often gregariously. They are 
characteristic of moister warm areas than 
the plains of India. The transformations 
of several species have been recorded in 
America and KEKurope, but much remains 
to be Jearnt. The student should consult 
Gorham’s papers; the species of Ceylon 
are described (Proc. Zool. Soc., 1886, p. 
154) and some new Indian species (loc. cit. 
1897, p. 456, Ann. Soc. Ent. Belge, 1895, 
p. 328, 1903, p. 323). Nineteen Indian 


species are recorded. 


Fig. 189.—KUMORPHUS 
PULCHRIPES. 
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Tarsi with five-joints ; antenne short with a club, and recewed under 


the prothoraz in a cavity. Head retractile. 


These small beetles are not readily separated from those which 
come nearest to them unless the life-history is known, the commonest 
species, which are household pests, having 
characteristic larvae. The beetles are often 
clothed with fine hair or scales. The head 
in some bears a median ocellus. The api- 
cal joint of the antenne in the males may 
become enlarged. 


The life-history is known in general but of 
no Indian species except the household ones. 
The larve are predaceous or feed upon dried 
animal matter. The free-living larve are 


found under the bark of trees and in similar 


pee 


Roe niece ee situations where there is a quantity of 
PINUS F, x 43. insect larvee on.which they can feed. House- 

| hold species feed upon skins, horns, wool 

and similar dried animal matter. The larve are characterised by the 
development of tufts of long hairs (Plate XVIII), which in some cases 
reaches an extraordinary development, especially in the predaceous 
free-living species. The reader should consult the figure in Sharp’s 
Insects for a typical free-living Dermestid larva, such as is found under 
the bark of trees. Other larve are provided with small terminal and 
lateral tufts of hairs, capable of being moved and extended. These 
larvee eat into their food, making holes in skins or horns and complet- 
% their. metamorphosis there. The length of the life-history is not 
ae a eee Sues in every stage, if food is 
for long periods, that larvee y iN st ee adden ie ee 
bea very long one. The “ : ns a ie pe nee 
enveloped by the larva] Sein ann 2 ca a ee eee ears: 
dorsum. Several household speci soi na : ey ees aes i 
pecies are likely to be found, having been 


recorded several tir : 
P mes ; these are co i l 
smopolitan insect , 2 
ee = Pp cts spread by 


a’ ae 


PS 


PLATE XVIII.—Anrurenus Vorax. 


Tue Wootzry Baar. 


Larva, dorsal view. x 12. 
Young larva, feeding on a bristle. x 12. 


Pupa, in the larval skin, which is open along the dorsal line. 
sas ka 


[Imago x 16 


Pht “Vv idl. 


” 


BYRRHID®. oul 


The recorded species are less than twenty, including the cosmo- 
politan Dermestes cadaverinus, F., and the species mentioned below. 


Dermestes vulpinus, F., whose larva feeds upon the cocoons of silk 
worms, is common in India, as elsewhere. It is curiously fond of these 
cocoons eating through the silk to reach the pupa within, on which it 
feeds. Cleghorn mentions it as a destiuctive insect to silk in India, 
the cocoons having to be quickly reeled off to avoid loss. (Indian Mus. 
Notes, I, p. 47.) Silkworm cocoons (containing pupe) must be so 
packed that the beetle cannot get access to them or the cocoons on 
arrival will probably be infested and partly spoiled. Dermestes larva 
is elongate, cylindrical, tapering behind; the prothorax is large, the 
hind end bears two dorsal hooks and a ventral anal tube. Hach segment 
has a dorsal plate, behind which is an erect row of long hairs and 
a backwardly directed row of stiff hairs ; there are longer hairs on the 
sides, and a third row on the prothorax. <Aethriostoma undulata, 
Motsch., is found in wheat. Its larva is broad, with short hairs, with 
no anal tube or hooks. The part it plays in wheat is not ascertained 
but it is likely to be predaceous upon the other insects there or to feed 
on their dead bodies. The larva of Attagenus is similar but the seg- 
ments are completely hardened above and each segment fits over the 
next ; there are no hooks or anal tube, and each segment is clothed in 
scales, with also a row of hairs which extend on to the sides ; the hind 
end bears a bundle of hairs. A. gloriose, Fabr., probably occurs in 
India. The larve of Anthrenus, Tiresias, Trogoderma, are provided 
also with bundles of long hairs on the posterior segments, these hairs 
being moveable and erectile, often of peculiar form; in Anthrenus the 
bundles are on the three posterior segments. A. vorax, Wat., is known 
to attack skins and horns in India, as well as woollen clothes and the 
bristles used in making brushes, and is constantly reported as destruc: 
tive. (Plate XVIII.) 


ByYRRHID!. 
Antenne clubbed. Head retracted, tarsi five-jointed, 
a prosternal spine fits a mesosternal cavity. 
Small oval beetles, convex and short, of dark colour, found under 
stones and on the soil in temperate regions. They are vegetarian, one 
genus (Chelonarium) living also on the leaves of trees. C. indicum, Gr., 
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lives in the plains of India but is rare. Motschulsky described five 
Indian and one Burmese species of Byrrhinus. Four other species are 
described, Chelonarium indicum, Grouv., being the most widespread. 


GEORYSSID A. 


Antenne nine-jointed, three forming a club. 
Tarsi of four joints. 


A tiny family of beetles distinguished on the above characters 
and chiefly found burrowing in soil in the Northern Hemisphere. 
Two species of Georyssus occur in Ceylon. 


HETEROCERIDA. 
Anienne with a long seven-jointed club. Tarsi four-jointed. 


Semi-aquatic beetles found burrowing in the mud of river-banks 
and tanks. They are capable of stridulating and on being seized, emit 


Fig. 192.~HETEROCE- 
RUS MARGINATUS 
LARVA. 

(From Chapuis.) 


common in freshwater in India 
The beetle is probably predaceous, feeding 


tat which is abundant and having its body 


apd strong expanded legs formed for burrowing in the wet mud in 
which it lives. F 


BOSTRYCHIDA., las 


PARNID A. 


Antenne variable. Tarsi five-jointed, the last joint large ; 
prosternum produced in front to protect the mouth, 
behind to fit into the mesosternum. Aquatic. 


Small beetles, clothed in fine pubescence, found in water. They 
are seen clinging to plants, stems and other objects in running water 
for which purpose they have the enlarged tarsal joint and claws, and 
the pubescence holds a sufficiently large bubble of air to supply the 
needs of respiration. The pubescence in Parnus covers the whole body, 
which is thus set in a bubble of air, but in Elms extends only along the 
ventral surface, to carry air to the spiracles. The family are possibly 
simply clavicorn beetles which have, from feeding on decaying vege- 
tation near water, become aquatic and retain the same food habits. 
Their larve are also aquatic,wholly unknown as yet in India. 


Less than ten species are recorded, in the genera, Dryops, Parygrus, 
Stenelmis and Sostea. Dryops opacus, Grouv., is the common species 
found frequently at light in the plains and hills. 


CIOID A. 


Antenne of eiyht to eleven joints, with a three-jointed club. 
Tarsi usually of four jornts, the first small, the last 
long. Abdomen of fiwe segments, first longest. 


Small insects of cylindrical form, uniformly coloured in deep brown 
or yellow, with small impressed points on the elytra. The beetles are 
found in corky mushrooms, usually in all stages of development  to- 
gether. Lyctoxylon japonum, Reitt., is recorded from the Himalayas 
and Japan. 


BOSTRYCHID A. 


Antenne with a three-jointed club. Tarsi five-jointed, 
basal joint small, second and fifth long. 


The family is recognisable most easily by the cylindrical form, the 
produced and tuberculate prothorax in many cases, and the general 
resemblance to Scolytidw, from which they differ in the straight (not 
elbowed) antenne, in which the apical joints are often expanded on one 
side only, and in their tarsi, which are five-jointed. They are small 
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of an inch long and nearly 


insects, scarcely as much as a quarter rie : 
always the dull black or deep brown of wood-boring and light-shun- 


Fig. 193. -BosTRYCHUS ®QUALIS—LARVA, IMAGO AND BORED Woop. [ts MoNA 


ning insects. The body is cylindrical, the integument thickened and 
hard, the structure compact and the insect well fitted for boring tun- 
nels in wood. The legs are short, the femora and tibix broadened, 
folding up under the body, the trophi are well developed and powerful. 
In many the front of the prothorax overhangs the head and is toothed 
and roughened, while in some the body terminates behind in a flat slope 
in which are tubercles, as if the hind end had been cut off obliquely 
and tubercles put in for the beetle to get a purchase on the sides of the 


tunnel. Males and females are alike in appearance, the former the 
smaller, 


_ The life-history of some species is known and details must be sought 
in the literature of forest insects. In general, the beetles bore tunnels 
in wood, depositing eggs in these tunnels ; the larve are white, the body 
white, soft and tapering behind, the apex curled round underneath. 
Y present, eyes are absent and there are small 


four-jointed antenne. The larval food is the same as that of the 
mago; pupation takes place 


formed. In the known common 
broods yearly, the beetles emerg 


in the larval tunnel, no cocoon being 
plains species there are at least two 
ing after the cold weather, a brood 


BOSTRYCHIDA. 315 


being completed before the rains and a second brood commencing then ; 
this may be a hibernation brood or may emerge and yield a third or 
hibernation brood. In warmer parts 
of the plains there is no hibernation 
but it is not known whether there are 
then more than three broods. 


The family is of importance as it 
contains species which destroy cut 
timber or dry wood, as well as bam- 
boos ; in one species at least, stored 
grain and food products are attacked. 
The function in nature of these beetles 
is to clear away dead wood; when 
these beetles attack furniture and cut 
wood, as well as bamboos, they are 
serious. pests. The bamboo-boring 
species are extremely common in the 


plains but the remainder are almost 


Fig. 194.—A. ScoLyTip, B. Bos- : 
TRICHID ARTE Ee wholly forest insects and only found 


outside forest limits in dry wood. 
There are two special points about the bamboo-boring species that are 
worth note; there is a general belief, not confined to India, that 
bamboos must be cut at certain phases of the moon or they will be 
attacked by Bostrychids ; this is probably connected with the rise and 
fall of sap, bamboos cut at one time containing less sap than those cut 
at another ; secondly it isa general custom to soak bamboos in water 
for a number of days, after which they are not attacked; any one 
may observe the effect of this by using unsoaked bamboos in a roof ; 
they are attacked very heavily and almost at once, while soaked bam- 
boos are not; the explanation probably is that soaking removes not 
only sugar and soluble carbohydrates but also albumens, and leaves 
the bamboo without nutritious content. 


These beetles suffer from a considerable number of enemies, small 
beetles which invade their tunnels and attack them or their young. 
Histeride of the genera Teretriosoma and Teretrius are found in their 


316 COLEOPTERA. 


burrows and Lesne mentions a Colydiid beetle ( ee ae a 
upon Sinoaxylon crassum. Cleride attack them also ty : ; en is 
Tillus, Opilo, ete.), and a Melyrid (Axinotarsus) 1s also recorded. Hy 
menopterous parasites are known but are uncommon. ; 

The family has recently been monographed by Lesne (Ann. ne 
Ent. France, 1896, p. 95; 1897, p. 319; 1898, p. 438; 1900, p. 473; 
1906; p 445). He divides it as follows :— 


1. Psowe. 

Il. Polycaonine. 

Il. Dinoderine. 

IV. Bostrichine. | 
1. Bostrichines. Bostrichi. 

Xyloperthi. 

2. - Apatines. 
3. Sinoxylonines. 

Of the Polycaonine, one Indian Heterarthron is recorded. The 
Dinoderine, Bostrichines and Sinoxylines are alone of any importance 
in India. In the first, five species of Dinoderus and one of Rhizopertha 
occurs in India. Of the Bostrichines, there aré nine Bostrichi, and seven 
Xyloperthi recorded. In the Sinoxylines, 17 Indian species are recorded. 


Dinoderus distinctus., Le., attacks the branches of mango. JD. 
pilifrons, Le., is bred in bamboos, both green and dry, asin wood. D. 
minutus, Fabr., is smaller than the prece- 
ding and is common also in bamboos. It 
was also found in cut Sugarcane. Rhizo- 
pertha dominica, Faby. (pusilla, F.), is a 
household pest boring into biscuits and 
other dry stored produce, as well as grain. 


It is apparently common in Indian houses 
and we have 


reared it from wheat flour. 


Bostrichopsis parallela, Le., is mentioned A 
by E. P. Stebbing as boring in bamboos. \ 
Bostrychus aequalis, Wat. (fig. 192), was A 


found in tea-boxes from Calicut. 


Sinoxylon 
ndicum, Le., has 


been captured in many 


ati TES } Fig. 195.—DINoDERUS 
localities in South India and Burmah, but DISTINCTUS. [I. M. N.] 


PTINID A, ei 


does not appear to have been reared. S. anale, Le., has a length of 
one-eighth to a quarter of an inch and is commonly found boring in cut 


Fig. 196.—SINOXYLON ANALE, x 6. 


and dead wood. A number of trees it infests are recorded, as well as 
bamboos ; apart from its significance as a forest pest, it is likely to 
be found anywhere in the plains. It is the species twice referred to in 
Indian Museum Notes (III, p. 123, V, p. 113) and we have reared it 
from ordinary dry wood in Behar. S. conigerum, Gerst., 1s recorded 
in South India, and is widespread in the tropics. S. crasswm, Le., is 
referred to by de Niceville (Indian Mus. Notes, V, p. 106) as boring in 
Acacia catechu and is known to attack the cut or dead wood of other trees. 


PTINIDA. 
Tarsi five-jointed. Antenne often with a feeble three-jointed 
club. Head retractile into the prothoraa. 


Smal] beetles, often of cylindrical form, the integument hard : the 
tarsi are of five joints, the basal two subequal in length (c. f. Bostri- 
chide). The colours are sombre, dark brown or black predominating. 
The antenne are often feebly clubbed. 


The larve are well-known as borers in wood, furniture, dried fari- 
naceous matter, books, drugs and tobacco. These larvee are of a form 
similar to the Lamellicorma, the body white and thickset, set with fine 
hairs, and curved back on itself; the head is small, with distinct eyes 
and smal] antenne usually of two joints, the body is finely wrinkled, 


and there are three pairs of legs. These larve eat tunnels and are very 
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destructive ; 
beetles on emergence couple and 


The family, which is a large 
one, is divided into two, the 
Ptinides, with the antenne in- 
serted on the frons, <Anobiides 
with the antenne inserted on 
the anterior margin of the eyes. 
Ptinus includes the cosmopolitan 
P. fur, Linn., a museum pest, 
and P. nigerrommus, Boi. Gibbium 
contains a cosmopolitan species, 
G. scotias, Czen., a small shiny 
brown insect with swollen and 
united elytra, and no wings. It 
is a household pest and is re- 
corded (Indian Mus. Notes, I, 
p. 106) as feeding on the outer 
shells of opium cakes ; the larva 
makes a hard whitish cocoon 
of anal secretion; we have reared 
it from the rubbish found in 


98.—GIBBIUM SCOTIAS, 
[I. M, N.] 


dry wood and similar dried veget 
co) 


able 
both borers. making neat cylindric 
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pupation takes place in a cocoon in the tunnel. The 


lay eggs soon after. 


Fig. 197.—S1ITODREPA PANICEA—LARVA 
AND IMAGO. 


the bottom of a cupboard of papers 
in an office in Dharwar; the insect is 
in Egypt and the Kast, 
feeding on all manner of dried animal 


common 


and vegetable matter and is recorded 
from a box of cayenne pepper. 

Of the Anobiides, Anobium is the 
best known, the larve boring in dry 
wood and furniture, the beetles in the 
tunnels producing the knocking noise 
known in England as the ‘Death 
Watch.” Anobium (Sitodrepa) panicea, 
Linn., is found attacking books, papers, 
matter. The beetle and grub are 
al tunnels in which they live. The 
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PLATE XIX.—Lastoperma TESTACEUM. 


THE Cueroot Besgrte, 


Two eggs on a piece of tobacco leaf. x 10. 
Larva, as it is usually covered with particles of leaf, 
Larva divested of the covering. x 16. 
Pupa. x 16, 
Imago, dorsal view. x 12. 
» resting attitude. x 16. 
Bored cheroot, 


es 


PLATE XIX. 
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beetle is said to knock with its head in the tunnels, as a signal presum- 
ably to others of its kind. This is a cosmopolitan insect and is common 
in books in this country. Lasioderma testacea, Duft. (Plate XIX), 
is slightly broader but otherwise similar in appearance, pubescent brown 
with five lines on the elytra. It bores in cheroots and cigarettes, the 
larva also boring in the same place. This insect is a serious pest in cured 
tobacco and any form is liable to become infested. The larva pupates 
in a case in the tobacco or between the cheroots and the life-history is 
a short one. It is recorded as attacking opium in the Gazipur Factory 
(Indian Mus. Notes, I, p. 57) and is a well-known insect in South Indian 
tobacco factories. It may also be found in turmeric and_ probably 
other drugs sold in the bazaars. In addition to the above household 
species, nine species have been described from this country. No 
details of the lives of these free-living species are available. 


MALACODERMATA. 
This group may be divided as follows :— 
Lycide. \ 
Lampyride. 
Telephoride (Cantharide). - Here treated as Malacodermide. 
Drilide, 
Melyride. (Malachude.) } 
Cleride. 
Lymeaylomde. 
Rhagophthalmade. 


Amongst important recent papers are Gorham’s on the Andrewes 
collection (Ann. Soc. Ent. Belge, 1895, p. 294; 1903, p. 323; Proc. 
Zool. Soc., London, 1889, p. 96) and Bourgeois’ papers (Ann. Soc. Ent. 
Belge, 1892, p. 7; 1905, p. 46; 1906, p. 99 ; 1891, CXXXVIT; Bull. 
Soc. Ent. France, 1896, p. 117; Ann. Soc. Ent. France, 1903, p. 
478; 1905, p. 127). For Lycidw, Waterhouse’s Illustrations of Typical 
Coleoptera, Vol. I, is valuable and the Lampyride@ are listed by Olivier 
in Genera Insectorum. 


MALACODERMID&. 
Tarsi five-jointed. Integument soft. Sra, 
seven or eight ventral segments. 


This family is a large assemblage of forms which are difficult to 


define accurately but which are, as a general rule, easily recognised. 
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The colours are often sombre, though many are yellow and a few a vivid 


red. They vary in length up to nearly half an inch. The body is flat- 


Fig. 199.—MACROLYCUS 
BOWRINGI. 


Fig. 201.—MALACODERMID 
LARVA, x 3. THE LIGHT 
PATCHES ON THE APEX 
OF THE ABDOMEN ARE 
LUMINOUS. 


Fig. 200.—MALACODER- 
MID LARVA, X 3. 


Fig. 202.—LUMINOUS MALACODER- 
MID LARV# OR FEMALES, x 1]. 


boned, the integument soft, the body without that hardness and rigidity 
which is a feature of most beetles. The head ig generally concealed 
Endler the prothorax ; the antenne are often pectinate, sometimes mo- 
niliform, serrate or vaguely clubbed. The large flat pronotum fits 
loosely to the elytra, the latter lying over the abdomen but not accu- 
ee to it. The mouth-parts are usually feebly developed. 
vexual ditterences are marked in a number of characters (most easily 


in the larger eyes whic e 
arger eyes which are often contiguous in the males) and some 
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females never attain to the wingedform but remain as incompletely 
matured insects or are of the form of the males but with incompletely 
developed wings. The females of many species are unknown. 


Though these beetles are among the most abundant of Indian 
insects, little is known of their metamorphosis. They are themselves 
found in the moist warm parts of India in great abundance, in the drier 
parts of India in the rainy season only and less abundantly. The 
beetles are found during the day on plants, the brightly coloured ones 
openly, others in concealment, and they come out at night, only for a 
short time at a regular hour. Some are probably vegetable feeders, 
some predaceous, and their larve are, in some cases, known to be pre- 
daceous on molluscs. One appears to have been reared in India ; the 
larva of Lamprophorus nepalensis is mentioned and figured :—(Ritsema. 
Tiydschr, Ent. XXXIV, p. CXIV, and Notes Leyden Mus. XIII, pl., 
ae 1 S91). 


In moist localities, as in the submontane forest areas, are found 
the peculiar flat larve (Fig. 201) of the sub-family Lampyrine. 
These insects are often over one inch long, the segments flattened, the 
notum forming a flat plate which covers the segment ; the head is con- 
cealed under the large pronotum and is protrusible, with small antenne, 
slender curved mandibles and inconspicuous mouth-parts. There are 
three pairs of short legs, and the ventral surface of each segment has a 
brush of short stiff hairs ; from the apex of the abdomen are protruded 
a bunch of soft slender filamentous processes which act as a sucker and 
give a firm hold on the soil. These are retractile and are normally com- 
pletely retracted into the rectum. On each side of the eighth abdominal 
segment is an oval white patch which becomes luminous at the will 
of the insect. The reduced spiracle occupies the middle of this patch, 
the remaining spiracles being larger. This luminosity is very striking, 
a bright greenish white light being emitted. The light is evidently 
under the control of the insect and can be quickly produced, though on 
the cessation of stimulus it fades only slowly. The luminous patches 
are on the ventral surface and though the overlapping dorsal plate is 
to a large extent transparent, the hght is emitted principally upon the 
ground. These insects are nocturnal, are dependent upon moist condi- 
tions and feed upon snails. A large specimen required at least six 
smal] snails daily and with sufficient moisture and enough snails 

IL 21 
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throve in captivity. The luminosity is not used in feeding; the insect 
seizes a snail, curls over on its back with the snail held in its legs and 
slowly devours the muscular part, leaving the alimentary canal. 
This has been observed frequently and the luminous organ is not func- 
tional. What purpose this organ serves in a larval insect is not clear 
unless it be defensive. Quite young specimens exhibit it and though 
none of these larva have been reared, all that have been observed in 
India are sexually immature and evidently larval. It is to be hoped 
that these curious insects will be investigated by an observer situated 
where they are abundant and that the species to which they belong 
may be determined by rearing them to maturity. Olivier states that 
while the larve are well known, in no single case has a larva been 
reared and the imago identified. A larva, apparently of this group, 
was found in Behar (Figs. 199, 200), an elongate, slightly flattened 
insect, of a dull reddish tint with soft integument ; the legs were well 
developed, and at the apex of the abdomen below were two light-emit- 
ting patches. Apparently this was a mature larva seeking a place in 
which to hibernate or pupate. 


The nature of the luminosity of these’ insects has been much dis- 
cussed ; certain tissues of the bodies of these beetles have the power 
of giving off light, just as other tissues exert a mechanical action or 
emit electrical energy. The luminosity is under the control of the 
insect and heat is not produced. It has been remarked that these in- 
sects can convert a quantity of energy into its full equivalent of light 
without loss due to the production of heat; no means are known of 
doing this artificially and even the most modern devices for hight pro- 
duction convert only a fraction of the energy into light. The precise 
object of this luminosity is not clear ; while most of the beetles are noc- 


turnal, a few are actually diurnal in habit and the luminosity would not 
appear to have any value. ! 


sion of light may serve as a 
birds but there is little to 


In the case of nocturnal species, the emis- 
‘“ warning signal” to bats and nocturnal 
Re cerkeiee ; sed LENS this oe It is more likely that 

Property 18 connected with sex, but it is also possible that it is a 
part of the vital activity of the insect which has no function but an 
ornamental and pleasing one. It is worth noting that the luminosity 


is greatest i BA esa ene ea 
a . : those species which have the least develofed: intomest 
S Ww 43 
with ‘ong pectinate antenne are the least obeeree 
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In India the Lampyride division of this family includes the only 
luminous insects; the only other light-emitting insects in which the 
light is the direct production of the insect’s tissues are the species of 
Pyrophorus (Blateride), which are confined to the Neotropical Region. 


This large family is divided into sub-families (tribes) as follows :— 


Antennx inserted on the frons 
or at the base of the rostrum 


dorsally. 
(a) Intermediate coxe separated. 1. Lycine. 
(b) e , contiguous, 
antenne sub-contiguous. 2. Lampyrine. 
Antenne distant. 3. Telephorine. 


Il. Antenne inserted laterally in front 
of the eyes. 
(a) Clypeus not distinct. 4. Driline. 
(b) Clypeus separated by a suture. 5. Melyrina. 


Lycine.—Over fifty species are recorded from India, largely from 
hill forest localities. Red and orange are prevailing colours in our 
species; the beautiful Lycostomus 
preustus, Fabr., is found in the plains, 
a deep orange insect with the elytra 
tipped with black. We have seen 
bushes so clustered with red Lycos- 
tomus as to appear to be covered with 
red blossoms. L. rufiventris, Wat., 18 
another of our species, the colouring 
bright red ; it rests by day openly on 
a plant or grass stem, and is active 
at night only. 


Fig. 203.—LYCOSTOMUS 
THORACICUS. 


Lampyrine are monographed by E. 
Olivier in Genera Insectorum (1907). 
[ndian species are as follows :— 

Lucidotini ‘ .. Lucernuta 9. 

Lamprophorini <9 .. Lamprophorus 10. 
Diaphanes 17. 
Lampyris 1, 
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Harmatella 2. 
Luciola 31. 
Pyrophanes 1. 


Megalophthalmini 
Luciolini 


Diaphanes marginella, Ho., Luciola Gorhami, Rits. and L. ovalis, 
Ho., are the light-emitting species so abundant in trees at night during 
the rainy months. The males have a larger luminous area (three seg- 
ments) than the females (two segments) and are extremely bright and 


vivid in some cases. 


Telephorine.—Over fifty species are described from the continent, 
but one of which occurs in the plains. This is T'ylocerus bimaculatus, 
Ho., a yellow insect with a black blotch on each elytron, the male with 
the basal and apical segments of the antenna dilated. In Szlis, the 
male antenne are beautifully pectinate, the beetle flying or walking 
with the antenne stretched out, each branch very long and erect, 
giving the appearance of a frond of a delicate plant. Insects with such 
specially developed antenne are not uncommon in deep forest and 
presumably these structures are associated with special senses. 


By some authors, the name Cantharis is associated with an insect 
of this family, which would then be known as the Cantharide ; this 
would create profound confusion in the mind of the student, who asso- 
ciates the term, in all literature up to now, with the blister-beetles 
below. To such authors, the Scolytide are Ipide, the Bruchide are 
Larvude or Mylabride, the Trogositide are Temnochilide or Ostomide, 
the Parnide are Dryopide, the Ptinide are Anobiide, the Cistelide 
are Alleculide, and so on. It is to be hoped that such alterations in 
the nomenclature will, by the general consent of Entomologists, be 
barred ; the tendency to change names long in use on account of some 
purist’s discoveries in priority is deplorable ; the work of practical and 
teaching Entomologists is being burdened with an immense nomen- 
clature constantly increasing in complexity, and the difficulties of the 
student are greatly increased. To convert Heliothis armigera to Chlo- 
eee to change the significance 
poe a aia e bags phir: Lecanium and Coccus, (each 

ance vO the practical worker) are instances of this 


practice referred to elsewhere in these pages and which the student 
should clearlv understand. 
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Driline.—This sub-family includes less than twenty Indian spe- 
cles. Selasia laticeps, Pasc. and Dodecatoma bicolor, Westw., are to be 
found during the rains, delicate yellow and black insects, with pecti- 
nate antenne. 


Melyrine. (Malachiine).—These beetles are of small size and 
bright colouring, active by day in some cases and found occasionally 
in great abundance at flowers. The larve are not known. Over 
thirty species are described and several are common in the plains. 
Hapalochrus fasciatus, F., is a small beetle, coloured in orange and me- 
tallic blue, found running on crops and small plants. Laius jucundus, 
Bourg., is smaller, an equally brightly coloured insect, which runs 
actively about in grass and on soil. Prionocerus bicolor, Redt., 1s a 
large yellow insect, with the appearance of the typical members of the 
family. Melyris is represented by a small pubescent black insect found 
abundantly on the flower heads of Artemisia in the hills. It is quite 
unlike most Malacodermids, more compact and chitinised, and much 
smaller. Jdgia includes the typical forms, brightly coloured insects 
which are active by day and feed on the anthers and stigmas of plants. 
Idgia cardom, Bourg., has been found to be destructive in this way, 
though not on any scale, destroying the flowering parts of cereals and 
preventing fertilisation. 


CLERIDA. 


Antenne clubbed, dentate or flabellate. Lamelle under 
the tarsal joints. Tarsi five-jointed, but basal 
jownts of posterior legs often very small. 


Brightly coloured insects, of small size, the majority with warning 
colouration. Many are banded in bright colours, some uniformly blue 
or other metallic colours. The shape is characteristic, the head and 
thorax narrower than the elytra, the sides parallel, the body cylindrical. 
The antenne are feebly knobbed, moderately long. The head is pro- 
minent, the prothorax distinct, the elytra covering the abdomen. The 
legs are of moderate length, formed for running. 

These little beetles are active in flight and are found in the open 
on flowers, on trees, in grass, on fallen wood, at carcases. Some are 
predaceous upon other insects, notably those that bore in wood and 
bamboos. The bamboo boring Bostrichids, as also wood-boring 
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, 7 asa 
Scolytids, are their prey and the larve have the same habits. Little 


is known of the habits of the larve as a whole, some being predaceous, 


Fig. 205.—CALLIMERUS 
DECORATUS. 


Tig. 204.—NECROBIA RUFIPES. 


some scavengers and some being known to live in the nests of bees and 
in locust egg masses. With the exception of those that prey upon wood- 
boring beetles none appear to have been reared in India. 


The family is a large one, the latest monograph (Cenera Insecto- 
rum) giving nearly 2,000 species, of which 109 are Indian. They are 
less common in the cultivated plains than in the hill forest areas and 
the warmer moist parts of India. Gorham describes Doherty’s Indian 


and Burmese species (Proc. Zool. Soc., London, 1893, p. 566), and Fea’s 
(Ann. Mus. Genova, 1892) 


Few are likely to be found unless they are specially looked for, and 
there are probably many species to be found in the plains. The fol- 
lowing are noteworthy :—Necrobia rufipes, F., a bright blue insect, 1s cos- 
mopolitan and is, with N. violacea, L., a household pest feeding on 
animal produtcts (horn, ay as ruficollis, F., in which the thorax 
and base of the elytra are red; is known to she deatrupue to the dry 
cured fish prepared in Sylhet. Corynetes ceruleus, de G., is also cos- 
mopolitan and carried by commerce. Ommadius indicus, Cast., IS a 


larger dark-bande ae ee” 
ge a band d brown Insect, found in Southern India. Tallus 
nolatus, K von ee ; : 
tatus, Klug., is found in abundance in the burrows of bamboo-boring 
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Bostrichids and, in bamboo-roofed buildings, is at times extremely 
abundant. Its larve are supposed to live in the burrows, feeding on 
the larve of the Bostrichids ; it is probably an important factor in 
checking this pest. We figure Callimerus decoratus, Gorh., as an ex- 
ample of the vividly marked species so common in forests ; the ground 
colour is deep blue, the spots are dense white and the legs are yellow. 
Opilo subfasciatus, Westw., Orthrius bengale, Westw., and other species 
of Orthrius are found in the plains, brown and black species that 
frequent flowers and which suggest small longicorns. 


LYMEXYLONIDA. 


Tarsi of five joints, first and fifth long, remainder 
short. Antenne short, serrate. 

Elongate cylindrical beetles, whose larve are cylindrical and bore 
galleries in dead or dying trees. They are a very small family and 
doubtfully distinct from both Malacodermids and Melandryids. They 
are extremely widespread and occur in tropical forests in the Kast. 
Atractocerus occurs in Ceylon and is likely to occur in India. 


RHAGOPHTHALMID&. 
This family includes two Indian species Rhagophthalmus brevi- 
pennis, Fairm., from Nagpur and R. (Ochrotyra) semrusta, Pascoe, from 
the Nilgiris. 


DASCILLID &. 


Tarsi five-jointed. Abdominal seqments fwwe. 


A small group, near to the Malacodermide and doubtfully homo- 
geneous or distinct. Most are American and Kuropean. Less than 
twenty species are recorded from localities in India; of their habits 
nothing appears to be known. 


RHIPICERIDA., 


Antenne flabellate or pectinate in the males. Tarsi five-jointed, 
the fifth joint with a well-developed setaceous onychium. 
Anterior legs with trochantin. 


A family, closely related to the Malacodermide, of small numbers 
and but little known. The antenne in one genus, Rhipicera, have 
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more than the usual eleven segments, as much in some cases as forty. 
. ° a] 
The beetles are not common and are essentially tropical. Three 


species of Callirhipis occur in India. 


STERNOXI. 
Schwarz gives the following classification of the Sternoxi :— 
Buprestidae. Elateride. 
Throscide. Dicronychide. 
Eucnemide. Plastoceride. 
Cerophytide. Cebriomde. 


The Hucnemide are monographed by Bonvouloir (Ann. Soc. Ent., 
France, 1870) and the Cebrionide in the same publication, 1874. The 
student will also find Maindron’s Elateride in this publication for 1905, 
p. 319. Hlateride are listed by Schwarz and Buprestide by Kerre- 
manns in Genera Insectorum. 


BUPRESTID &. 


There is a prosternal process extending back into a mesosternal 
cavity. The antenne serrate, short. Tarsi five- 
jointed, basal four joints with pads. 


These beetles resemble Elateride superficially but have not the 
hind angles of the prothorax produced backwards. They include tiny 
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Fig. 206.—Psinropr ERA 


FASTUOSA. Fig. 207.—J ULODIS 


ATKINSONI, 


nearly one inch in lenoth. * 
) length. The colours are usually metallic, from dul 
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PLATE XX.—SpHEnoprera GossyPll. 


Corron Stem Borer. 


Larva in stem of Cotton plant. 
Larva, magnified, 
Pupa in stem, x 3, 
, magnified. 
Tmago magnified. 
Imago. 
Parasite. 
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bronzy black to bright green with red reflections. Some species are 
covered with an efflorescence produced from a secretion in the skin. 
Warning colouration is not usually shown and the exact significance 
of the colour schemes is perhaps doubtful. The integument is hard 
and strong, the head partly sunkin the thorax, which is strongly fixed 
to the abdomen, the elytra accurately adapted to the body ; the antenne 
are readily concealed under the head. The mouth-parts are short and 
of the herbivorous type. The legs are short and fold under the body 
when at rest. The wings are large and functional in flight. Males 
and females are similar in appearance and usually also in size. The 
life-history of a few species has been worked out in India and agrees 
with that of the group as a whole. The larve are borers in the tissues 
of plants, some mining in the leaves, others boring in the twigs, the 
branches, the woody stems or beneath the bark of trees. The larva 
is of a characteristic foim, legless with the thoracic segments swollen 
into a distinct bulb (Plate XX), the abdomen very long and slender. 
The swelling fits the bore made in the plant and gives the larva the 
necessary hold to move along the bore or to work with its mandibles 
against the hard tissues. Pupation takes place in the bore, the pupa 
lying naked in a chamber made by closing the bore with debris, as a 
rule ; the larva prepares the hole of exit for the pupa, leaving only a 
thin covering of bark through which the beetle can readily emerge. 
The beetles feed on leaves, eating the parenchyma and leaving the 
veins only. They fly actively and are diurnal. 


The large species have a life-history lasting one year at least, and 
the beetles are seen at one season in the year only. Some at least. of 
the smaller species have several broods in the year depending upon 
their foodplants. Hibernation appears to be passed in the larval and 
in the imaginal states. A few are pests, those which breed in culti- 
vated plants such as guava, cotton, jute, groundnut and citrus trees, 
The family is of more importance in Forestry than in Agriculture. 
Hymenopterous parasites attack these larvae just as they do other 
boring larve, and birds are known to feed on the beetles. 


This family is a very large one and widely spread, with nearly 300 
recorded ‘‘ Indian ’’ species. Kerremanns divides the family into 
}2 sub-families, which need not be touched on here (see Ann. Soc. Ent., 
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Belg., XXV, p. 165) ; he has recently listed the known species in Genera 
Insectorum and is monographing the species of the world. By far the 
larger number of recorded Indian species are Himalayan or Burmese. 
A very small number are common in the plains with a small number 
that have been occasionally recorded. 

Sternocera includes large brightly coloured species, of somewhat 
oval shape, with smooth elytra and deeply punctate pronotum, the 
sternal process prominent. They are rarely found outside the hills 
and forest areas, S. chrysidioides, C. & G., and S. nitidicollis, C. & G., 
being occasionally captured. 


Julodis is of similar form but without a marked sternal process, 
the elytra pointed at the apex. J. atkinsoni, Kerr., was reported (in 
error) aS an injurious insect in the Punjab but is rarely found in North- 
West India. It appears to be a genus characteristic of sandy desert 
areas. 


‘ Chrysochroa includes 17 Indian species, of which C. mutabilis, Oliv., 
is found in the plains. This is a metallic green insect with red reflec- 
tions especially at the margin of the elytra. | 
C. chinensis, C. & G., is the beautiful green 
and red beetle sold as a curiosity in the 
hills and very common in some forest 
localities, while C. edwardsii, Ho., is the big 
yellow-blotched species abundant in the 
Khasi hills and also a source of income to 
the Khasi insect collector. 


Psiloptera cupreosplendens, Saund., is 
occasionally caught in the plains, a smaller 
green and red metallic insect, the elytra 
much punctured. 


Sphenoptera isthe most abundant in culti- 
vated areas, several species being found breed-.. "18 208.—Curysoonmoa 
restora : CHINENSIS. 
ing in wild or cultivated plants. They are 


deep metallic bronzy Insects, not of large size and by no means easy to 


discriminate. Kerremanns gives 20 Indian species. S. gossypii, Kerr. 
(Plate XX), is the cotton stem borer of the cotton areas, apparently wide- 


spread over India, and, as a rule. very common but only once found in 
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Behar. Its life-history is elsewhere described (Indian Insect Pests, 
p. 100). Another Sphenoptera is a serious enemy to groundnut (Ara- 
chis hypogea), the larve boring in the underground rootstock. It is 
abundant in South India. Belonota prasina., Thunb., is found boring 
in guava and mango trunks and is found commonly. It is a very dark 
metallic blue-black, the pronotum with a lateral indentation and red 
blotch, the elytra with four fine longitudinal ridges. 


Fig, 210.—AGRILUS 
GRISATOR. 


Fig. 209.—BELIONOTA 
PRASINA. 


Kerremanns lists nearly 1,100 species of Agrilus, 38 of which are 
Indian. A species that is probably A. grisator, Kerr., has been reared 
from lemon trees and another species breeds in the same plant. They 
are small linear beetles of varied colouring. 


Finally, we have the still smaller, more oval forms included in 
Trachys, 41 out of 260 of which Kerremanns records as Indian. So 
far as is known, the larve of these beetles are leaf miners and one 
has been reared from the leaves of Jute, another from Beal. Several 
species are common. 


THROSCID A. 


tepresented by Throscus (Trixagus) proprius, Bonv., found in 
North India. 


EKUCNEMIDA. 


Twelve species are recorded from different localities in the hills. 
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ELarertp#.—Click Beetles. 
The hind angles of the thorax usually produced backwards. A pros- 
ternal process received im the mesosternum. Antenne 
often serrate or pectinate. 


A very large family of small or large beetles recognizable usually 
at sight from the very striking general facies peculiar to the family. 
The large forms, which are half an inch 
and more in length, are in many cases 
brightly coloured, the small forms, of 
which there are a great number, in dull 
tints of brown or yellow. The antennz 
are moderately long and of varied form. 

The head is small and embedded in the 
solid prothorax. The prothorax is 
remarkably large and powerful, fitting 
loosely but accurately to the elytra, the ‘ 
lateral angles prolonged backwards. On is: 211.—AGRYPNUS FUscIPEs. 
the ventral surface is a process, which 

passes into the mesosternum in which is a cavity fitted to it. ‘The 
abdomen is long, covered by the hard elytra ; the legs are moderately 
long and formed forrunning. The striking structure of the prothorax 
is associated with the faculty many of the beetles have of leaping up 
with a click when placed on a flat surface with the venter upwards. 


Although these beetles are common everywhere in India, and there 
is an abundance of species, practically nothing is actually on record ‘as 


+ 1° me 
Fig. 212.--Larva or AGRYPNUS FUSCIPES. 


(From Westwood. ) 


to the life-history, 


of Agrypnus fuscipes 
not aw 


We figure from Westwood a larva possibly that 
, the commonest large Elaterid of India. We are 
are that any species has actu 


ally k ‘eare TE t 
are probably of this { y been reared, though larve tha 


amily can be found commonly enough. The known 
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larve elsewhere are cylindrical and elongated, the segments smooth 
and fitting closely to one another, the whole head and body forming a 
smooth flexible cylinder. There are three pairs of legs, and the hind 
end terminates in hooks and chitinised processes which probably give 
the larva leverage on the soil or other medium in which it lives and 


facilitates rapid locomotion. 


On the analogy of known European 
forms there can be no doubt that these 
brown shiny larve are those of Elateride 
but the difficulty is to rear them. It is 
uncertain whether they feed on roots or 
other vegetable matter or whether they 
are predaceous on other insects and so on 
those which really injure the roots of 
plants (e.g., Melolonthide). They are 
associated with damage to roots but may 
not cause it, and we are not aware of any 
instances of damage to roots by Elaterids 
in India. In the known species, the 
development is slow and several years 


Fig. 213,—LARVA OF ALAUS are occupied in the metamorphosis. 

( ie Chap Nothing is known as to their enemies, 

none are known to be pests in India, and 

there are as yet no data as to their hibernation or seasonal occurrence, 
save the very general observation that, like most insects, they are 


found most abundantly in the rainy season. 


The family is so large and complex that the preliminary difficulty 
of identifying or even separating the distinct species is at present 
insuperable. Practically all the known Indian species were described by 
Candeze, whose works must be consulted. Schwarz has listed the 
Elateride, as apart from the Hucnemide, etc., in Genera Insectorum 
(1906), enumerating 503 species as occurring in India and Burmah 


alone. This cannot be more than a part of the actual species and new 
species are found in quantity. 
Of the 28 sub-families, 21 are represented by Indian forms. The 


light-emitting Pyrophorim are confined to the new world and do not 
g i 
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occur in India. Agrypnus (13 spp.) includes the large forms, A. fusci- 
pes, Fabr. (fig. 210), being the common large black click-beetle of 
the plains. Lacon (44 spp.) is a common genus, with several plains 
species, smaller forms, with somewhat expanded prothorax. Camp- 
sosternus (30 spp.) are large insects of metallic colouring, usually 
green, abundant in hill forests and of striking appearance. The ex- 
tremely common small click-beetles which come so abundantly to light 
in the plains during the rainy months are species of Heteroderes (16 spp.) : 
nothing is yet known of their life-history or habits, in spite of the 
numbers in which they occur; they are wholly nocturnal, the beetles 
found by day in hiding on plants, in bark, under dry leaves, ete. Car- 
diophorus (75 spp.) is widely spread over the plains and abundant; 
(. stolatus, Er., is a small beetle, the elytra chestnut with a black fascia, 
also very abundant at light. Cardiophorus quadrimaculatus, Motsch., 
has yellow blotches on the elytra and is conspicuous. Melanotus (23) 
includes larger dark brown species, M. fuscus, Latr., common in Kanara 
and the hills, other species occurring in the plains. Penia eschscholtzi, 
Cost., is a broader rounder beetle of a bright brown colour with ochreous 
fascia, common in the Himalayas. Plectrosiernus rufus, Lac., is the 
large red beetle with black longitudinal grooves, in which the prothorax 
is small and the antennz conspicuously serrate. Hemiops crassa, Gylh., 
is smaller, the ground colour yellow but equally conspicuously coloured. 


DICRONYCHID &. 


These are separated as a distinct family by Schwarz on account of 
the absence of penis. Two species of Dicronychus occur in India, of 
which D. cinnamomeus, Cand., is not uncommon in the plains, a small 
brown beetle with the typical facies of the Elateride. 


CEBRIONID A. 


A single species is : 
gle species is described as Indian, Sandalus orientalis. Bourg. 


HETHROMERA. 


A distir +t series } 
ust serles of beetles. whose classification into families is 
not clear. Four f 


amilies are easily distinguishable as far as Indian 
forms are concerned. 
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Tenebrionide include a large number of the species, the tarsi not 
lobed, the claws smooth, the body compact with close fitting elytra. 


Mordellide have the head peculiarly formed and inflexed, the hind 
cox with sharp plates. 


Cantharide have the head with a neck, the tarsal claws with appen- 
dages, and the elytra not fitting the abdomen closely. 


Trictenotomide are large, with long antennie often serrate at the 
tip, long curved mandibles and resemble Cerambycida. 


The remaining eleven families are of less importance and _ less 
easily recognisable. For papers on this group, see Fairmaire’s papers 
on the Kurseong and Andrewes’ collections. (Ann. Soc. Ent., Belge, 
1894, p. 17 ; 1896, p. 6). 

. TENEBRIONID&. 


Antenne of eleven joints, under a projection of the side of the head. 
Taursi heteromerous, simple. Abdomen of five segments. 


A large family of beetles generally of sombre colour, found most 
abundantly in deserts and dry places. They are of moderate size, 


—_ 


many of some bulk and weight. The 
antenne are short and of varied form; 
the trophiare of the biting herbivorous 
type. The body is hard, often flatten- 
ed, often globular, the elytra fitting 
closely and in the apterous forms 
soldered together. Sexual differences 
occur in a few, as In the erect horns 
on the head, the dilation of the tarsi, 
or the vresence of the tuft of hair on 
the abdomen of the males. 


— 


Little is known of the life-history 
and but few species have been reared 
in India. The larve are elongate, 

<FONT, cylindrical, the segments with brown 
Fig. 214.—OPATRUM DEPRESSUM, : : : 
(1. M,N] thickened integument; the hind end 


bears often two dorsal hooks and a 
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the legs are present and functional in run- 
y difficult to find ; Opatrum is in some 
ut its larva never ; larvee have been 
he field only after prolonged search- 
beetles, feed on dead vegetable mat- 


ventral retractile process ; 
ning. The larve are extreme! 
places found literally in millions b 
obtained first in captivity and then in t 
ing. The known larve, like the known 
ter such as decaying leaves ; this also appears to be their food in desert 
places where there is a layer of leaves below each bush ; we have seen 
these desert forms come out in numbers and feed on locust hoppers. 
The function of the family essentially is that of scavenging the dead 
vegetable matter that falls in such abundance and, excluding the house- 
hold pests, none are injurious. The prevalence of deep black as a 
colour is to be expected since they are insects which shun light and 
which live in dark places where they are well hidden; the colouring 
strikes one when one sees these beetles in sandy deserts as in North 
India, but the colouration is of use since the beetles rapidly recover 
from the torpidity due to the chill of the air at night by coming out 
into the sunlight at sunrise for a short time before going into the bushes 
to feed. These beetles are a striking feature of the sandy wastes of 
North India where insect life is so scanty and these species are very 
imperfectly known and probably peculiar to such localities. Not all 
Tenebrionids live on the soil in concealment, though most do so ; they 
really fall into two series, the light-seeking and the light-shunning 
species, the latter predominating. They are found among decaying 
vegetation, among fallen leaves, under bark, in thatched roofs, between 
the timbers of a house and generally in concealment. Practically 
nothing is known as to the length of their life-histories or their seasons ; 
a yearly feature is the emergence of numbers of the very common beetle 
Mesomorpha villiger, which breeds in dry leaves and wood and which 
emerges abundantly to fly in the warm evenings in March in the plains. 
In the eee winter of 1907, these beetles emerged on February 25th, 
an exceptionally early date. Opatrum appears to have no season, nor 
do most of those which we have found abundantly in the plains, though 


Blaps is found only in the co'd weather and probably has a yearly 
period. j 


The family is a very lar 
ee ee) large one with a great number of species. The 
geographical Eiswribution 1s wide, but the ground species appear to be 
most abundant in Africa, the Mediterranean and Caspian littoral, and 
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PLATE XXI.—HeErERoMERa. 


Blaps orientalis. x 14. 
Ceropria induta. Xia 
Mesomorpha villiger. x 4. 
Cossyphus depressus. =X 3. 
Platynotus perforatus. x 1}. 
Formicomus sp. xs. 
Opatrum elongatum. x 4. 
Doliema plana. x 4. 
Emenadia ferruginea. x 23. 
3 $5 male antenna. 
Othnius delusus. x 7. 
Allecula sp. x 2, 


Scleron orientale. x43 


PLATE XXI. 


TENEBRIONID A. Sat: 


in certain centres in the New World. India possesses but a small 
number of the large total of species and but few come into our plains 
fauna. 


About 300 Indian species are recorded, of which perhaps fifty are 
found in the plains. The individual species are difficult to discrimi- 
nate and no comprehensive work on the Indian species is in existence. 
The Cardon and Andrewes collections have been described (Ann. Soc. 
Ent., Belge, 1894, 1896) and a number of species added lately, but the 
literature is scattered and the family requires revision. We are not 
aware of any records of life-histories or habits. 


Polposipus herculeanus, Sol.,is a large species covered with hair, 
whose characters are so odd that Lacordaire states that he thought 
the original describer might have had before him a ‘‘ faked ’’ insect, 
the head, legs and body belonging to three distinct genera. Tenebrio 
contains 7. molitor, whose larva is so common in meal and flour and 
which is bred in large numbers as food for cage birds. It is now 
cosmopolitan. Rhytinota, Pachycera, Hyperops and Himatismus include 
rather elongate beetles of a dead black colour and small size, found 
sometimes in great abundance. The beetles have been collected at 
all times of the year and seem to have no distinct seasons. Blaps 
is the large ‘‘ black beetle °? of the plains, with B. orentalis, Sol. 
(Plate X XI, fig. 1), common and B. indicola, Bot., rarer. The oe 
is very common and striking ; the elytra ae soldered together and, in 
the females, produced into a process behind, which varies much in 
length. This beetle on being handled aioe an unpleasant liquid 
which stains a permanent dull red. Nothing appears to be known as 
to its life-history and all our specimens were captured betyeen Decem- 
ber and May. Platynotus perforatus, Muls. Ue XX1I, fig. 5), is also 
very common, @ flatter beetle, more distinctly On Scleron 
denticolle, Fairm., and S. orientale, F. (Plate XXI, fig. 15), are small 
retiring beetles, characterised by the curiously flattened and expanded 


fore femur and tibia, apparently for the purpose of digging. 


Opatrum is perhaps the commonest of all the genera, occurring 
egmetimes in enormous numbers. There are a variety of species, 1n- 
4 $s ‘ —s . . 

f 4 1 r » : v rer 
cluding O. elongatum, Guer. (Plate XXI, fig. 7), which is narrowel 


; - nosay 19) 
nd has the prothorax slightly tuberculate, O. dorsogranosum, Fairm.., 
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in which the upper surface is somewhat granilose, and Opatrum, 
depressum, Fabr., which is figured here. These cee geen BO ULe MICS 
in incredible numbers; we have seen a field of six-foot-high indigo so 
infested that every stem was black ; the beetles always shun light and 
in the dense indigo crop they live in shade and feed on the abundant 
dry leaves that fall. When the crop is cut they are brought in with 
it to the vats and sometimes cover the surrounding masonry, etc. A 
number of beetles were confined in the insectary and fed on these 
leaves ; larvee were eventually found which were reared without diffi- 
culty but which lived wholly on the surface of the soil under the cover- 
ing of leaves. On first seeing the multitudes of these beetles that exist. 
one 1s tempted to wonder where their larve could have been >; we 
realise it after having reared them and it is possible then to dimly see 
how vast may be the fauna hidden away like this on the soil and how 
important their work of disposing of plant refuse is. Opatrum apparently 
like most of its family, is wholly a feeder on dead or decaying vegetable 
tissue and the beetles have been found to even eat planks laid on the soil. 


The genus Toxicum is marked by the erect horns of the males ; 
these beetles are found under bark ; the function of the horns is 
unknown. The two species 
of Tribolium occur widely 
spread, 7’. ferrugineum, Fabr., 
I’. confusus, Duv. Both are 
pests of stored produce and 
occur frequently in dried in- 
sect collections. The latter 
is stated to be abundant in 
America, but we have been 
unable to recognise it in our 
long series. We reproduce 
the figures illustrating the 
differences in the two species 


in Chittenden’s paper (U. S. 


Dept. of Agri. Ento. Bull., a 

ee a : 5.—TRIBOLIUM CONFUSUM, A. HEAD 
N. a. 3 It 1S, however. re- OF T, CONFUSUS, B. FERRUG INEUM. 
corded from rice in Rangoon (After Chittenden.) 


Fig. 
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(Indian Mus. Notes V, 139). The former is common and has been 


reared from wheat grains, wheat flour, and oat meal, as well as dried 
insects. 


One of the more striking insects of the plains is the curious flat- 
tened Cossyphus depressus, Fabr. (Plate XXI, fig. 4), in which the 
elytra and pronotum are produced into a curved thin lamella surround- 
ing the body after the manner of a Cassid beetle. What object this 
serves 1s uncertain, but it may give it a resemblance to a seed which is 
of use as a protection. Derosphwrus nigricollis, Bot., is a larger beetle, 
the elytra deeply punctate and shining, with long legs, which is found 
on the soil in the plains. Platydema includes small oval brown beetles 
found eating the inner portions of the flakes of tree bark. Mesomorpha 
villiger, Bl. (Plate XXI, fig. 3),is a cosmopolitan beetle found among 
decaying leaves, in thatched roofs, m old trees, wherever there is decay- 
ing vegetable matter. It is a small dull brown or black beetle, rarely 
seen or noticed, but probably to be found everywhere if searched for. 
Ceropria (Plate XXI, fig. 2) includes a few brightly coloured species 
with tints of shiny purple or blue. 

Collecting, etc.—Itis probable that only a small part of the Tene- 
brionid fauna of our area is actually recorded, and the collector will 
find much that is new. These beetles can be easily kept in captivity 
and breeding experiments are required to determine life-histories, etc., 
with much field observation. The beetles themselves are not difficult 
to find under bark, amongst fallen leaves, in thatched roofs, among cut 
timber and in similar situations. The Desert fauna of North India 
especially requires investigation and much interesting work waits to 
be done on the life-histories and habits of these species. 


CISTELIDA. 
Characters as in the previous family but{the tarsal 
claws pectinate, not simple. 

A small family of unimportant beetles, rarely found. They have 
long antenn ; the elytra do not fit the abdomen very closely ; the males 
have longer antenne and larger eyes than the females. In a few the 
head is prolonged into a distinct short blunt rostrum. The known 


species live in decaying trees or under bark, as do their larvee. 
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including Allecula (Plate XXI, 


About thirty species are Indian, 
fig. 12), Cistela and Cistelomorpha. 
LAGRUD. 

Interior coxa projecting, conical and contiguous. Anterior coxal cavities 
closed behind ; claws simple, ventral segments five, penultimate 
tarsal joint bilobed and pubescent. 

These are Tenebrionids with different coxe and having anterior 
coxal cavities closed behind, and will not, by the close coleopterous stu- 


dent, be confused with other Heteromera. 


About forty species are described from 
India alone ; Lagria is the most import- 
ant genus, widespread and with several 
common Indian species; the body is 
hairy, the head has a thick neck, the 
tarsus has the penultimate joint expand- 
ed and pubescent as in the Chrysomelide. 


OTHNIID. 
This family is represented in India 
by a small species. Othnius delusus, 


Pasc. (Plate XXI, fig. 11), found in the 
hills of South India. 


Fig. 216.—LAGRIA SP. x 2. 


Monomnip x. 
Repres a si i 
presented in India by a single species, Monomma brunneum, 


Thoms. (fig. 216), found under the bark of trees. This is a dark 


Fig. 217.—Monomma 
BRUNNEUM. Wig. 218.—HEAD oF M, 
GIGANTEUM. 
(From Thomson.) 
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brown insect, with clubbed antenne fitting into grooves of the lower 


side of the prothorax. The group is monographed by Thomson (Ann. 
Soc. Ent., France, 1860). 


PyTHIDA. 


Anterior coxal cavities open behind (c.f.  Tenebrionide). 
Prothorax narrower at the base than the 
elytra. Eyes entire. 
A small family of unimportant insects separated on minute 
characters from its allies. The family is small with few representa- 


tives. None are common in the plains, and Doliema plana, Fabr. (Plate 
XXI, fig. 8), is the species most likely to be found. 


MELANDRYID&. 


A family distinct from all allies by a variety of characters ; the 
claws are not pectinate (Cistelid@), the anterior coxal cavities are open 
behind (Tenebrionids); they are not hemispherical (Nilonida@) ; the 
prothorax is as broad as the elytra (Pythide) ; there is no neck (Mor- 
dellides) ; and finally the pronotum does not extend laterally on the 
prothorax (rest of Heteromera). 


So far as our fauna is concerned they are of no importance what- 
ever. They are dull coloured insects found in decaying wood in tem- 
perate regions. Penthe rufopubens, Mors., has been described as 


Indian. 


PyROCHROID. 
Antenne flabellate or pectinate. Prothorax narrower than the 
elytra. Head with a neck. Elytra longer than the 
body. Penultimate tarsal jovnt broadened. 

Beetles of small to moderate size, found with their larve under 
the bark of trees. Pyrochroa is the common genus, with the antenne 
toothed (or nearly pectinate in the males), the body finely pubescent. 
Three species have been described, P. deplanata, i hess Malabar, 
P. subcostulata, Fairm., from Cashmere, and P. cardom, Fairm., from 


the Himalayas (North Bengal). 
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ANTHICID A. 
Head with a neck. Antenne filiform. Prothoraxz narrower at the 
base than the elytra. Claws simple. 
This family includes four sub-families recognised by many authors 
as families. The Pedilinw include less than ten species of Macrataria. 


Anthicine.—These are small s'ender beetles with a distinct resem- 
blance to ants, common in grass, and sometimes very abundant. 
They are to be found running actively on grass and plants just 
as ants do, and they appear to be predaceous on small insects and 
Aphides. Nothing is known of their life-history. 


Mons. Maindron obtained 19 species during his tour in India (Ann. 
Soc. Ent., France, 1903, p. 348). Laferte monographed the Anthicina 
in 1848, listing 31 species of Anthicus. Cardon’s collections are des- 
cribed by Fairmaire and Pic. (Ann.§Soc. Ent., Belge, 1894). Formi- 
comus (19 species) and Anthicus (62 species) include the species found 
in the plains (Plate XXI, fig. 6) 


Hylophiline.—Small beetles, less than one-eighth of an inch long 
with the basal two abdominal Segments united and four segments 
beyond free. Basal tarsal segment long, penultimate bilobed. These 
small beetles are but little known and their life-histories scarcely at all. 


They are stated to live in dead wood. None have been reared in India 
and only a few collected. 


The most recent monograph (M. Pic. Ann. Soc. Ent., France, 1906, 
p. 190) records Hylobenus indicus. Pics: 


and eight species of 
Hylophilus as Indian. 2 


Scraptiine.—Scrapti ari 
pline.—Scraptia pulicaria, F airm., 1s the sole recorded species. 


(hDEMERID &. 

Head narrowed behind, produced in 
usually filiform, ele 
the elytra. Penultim 


front into a short rostrum. Antenne 
en or twelve jointed. Prothorar narrower than 
ate tarsal joint: bilobed. 

These are somewhat elongate | 
on flowers or decaying wood, som 
as known, the larve 


eetles, of thin integument, found 
e diurnal, some nocturnal. So far 
: 2 are feeders in or on wood or decaying timber and 
are occasionally injurious. The beetles resemble Longicorna on the 
one hand, or Malacodermids on the other. Five species are described 
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by Fairmaire with Asclera indica, from Bengal, and Oncomera (Dryops) 
mmdica from Kanara. 


MoRDELLID 2. 


Head short, bent down over the legs, with a narrow neck, antenne 
filiform, dentate or, in the males, pectinate. 


Small thickset short beetles with, in our common species, a 
characteristic facies. They fall into two series, partly regarded as 
distinct families (Rhipiphorine and Mordelline). Our common species 
belong to the former and, so far as known, are parasites in the nests 
of Aculeate Hymenoptera. Horne figures Emenadia ferruginea, F. (fla- 
hellata, F.), which he reared from the nests of Humenes in India. This 
and other species are common on the wing in the plains and are readily 
recognisable : the elytra are pointed, the body very thickset, vertical 
in front, the colouring black and yellow brown (Plate X XI, figs. 9, 
10). This genus is practically world-wide. Rhipiphorus pectinicornis, 
Thunb. (blattarum, Saund.), is parasitic, the female wingless and lar- 
viform, living on cockroaches. Of the two gene-a, nine are recorded 
as Indian. Of the Mordelline, none appear to be recorded ; we have 
reared one species from larve found boring in the stems of Drcliptera. 


CGANTHARIDE.—Blister Beetles. 


The head is joined to the prothorax by a distinct neck. The elytra are 
not closely applied to the abdomen ; the intequment is weak. 
The claws have appendages. 


These beetles are easily recognisable from the above characters 


and have a distinct facies. They are rarely over one inch long, usually 
about half an inch, moderately robustly 


built. The colours are varied, in some 
cases typically warning, in others blue, 
brown or dull coloured. The antenne 
are long and simple, rarely of less joints 
than eleven in the Mylabrine ; the head 
is of moderate size, the compound eyes 
large, the biting mouth-parts not con- 
The prothorax is narrower 


Fig. 219.—MYLABRIS 
PUSTULATA. 


spicuous. 


than the head and the two are not broadly united but joined. by a neck 
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The elytra neither meet accurately in the median line nor fit closely to 
the side of the abdomen and only loosely cover the upper surface of the 
body. The wings are ample and used in flight; Mele is wingless with 
abbreviated elytra. The legs are long, the tarsi long, the claws with a 
closely fitting appendage below, which resembles a duplicate claw. 
Males are similar to females but smaller ; size is often very variable in 
both sexes. An acrid oil is excreted from openings in the apices of the 
femora in Mylabris, Cantharis and Mela ; this oil contains an active 
principle, Cantharidin, which has irritant properties rendering it com- 
mercially valuable. 

Almost nothing is known of the life-history of Indian species. 
Large masses of small yellow eggs are deposited on grass or soil, from 
which hatch small active larve of the usual Coleopterous form. The 
further history of these larve has not been traced. The student should 
consult the account of the life-history of the known species of Mela 
and Epicauta, details of which are given in Sharp’s Insects. These 


insects are parasitic upon the larve of Aculeate Hymenoptera or upon 
the egg masses of Acridiida. 


The beetles are diurnal, the winged species flying readily. They 
are herbivorous, feeding on leaves and flowers and, when abundant, form 
@ conspicuous part of the diurnal fauna. Each species appears yearly 
and there is but one brood. They are often very abundant and occa- 
sionally appear in large numbers with great suddenness and in an appa- 
rently mysterious fashion. Owing to their herbivorous habits and 
frequent abundance, the beetles may be injurious to cultivated plants. 
oe flower-eating species of Epicauta (Cantharis) destroy the anthers 
and pistils of cereals and thus Cause serious damage to the crops. The 
ee ae be ete ft a eee Andropogon sorghum 
Chiloloba, the Cetoniid Beate - 2 oe one pe ee s 
to Amaranthus and vegetables ate oe He oe 
BaM oy th deecici 9 fe te eam the beetles being abundant 
5 es. 


; The family is a large one, found principally 
(0 Indian species are described and lesg than t 


plains, these being apparently 


in the tropics. Over 
ten are common in the 


widely Spread over ; mira 
There are four principal genera, he = Ens er the Indian sigcie- 
> ONS (E’picauta), Mylabris, Zonitis, 
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which are winged, and the wingless Mele. There is considerable con. 
fusion in the nomenclature of the recorded species, and the specific 


names adopted here are liable to revision when the nomenclature of 
the family is revised. 


Meloine.--Wingless. Metasternum very short, middle cox covering 


the hind coxe. Mele is the important genus, of which 2 Indian 
Species are recorded. 


Mylabrine.—Mylabris is winged but has the antenne short, curved 


and thick. Marseul monographed the sub-family in 1873 (Mem. Soc., 
Liege (2) III, pp. 363—662). 


The common form is Mylabris pustulata, Thunb., doubtfully dis- 
tinct from M. side. M. rouai, Cast., is a similar but smaller, black 
and yellow species, while 16 other species are recorded. 


M.  pustulata, Thunb., is a conspicuous beetle, measuring about 
one inch in length, coloured black with large orange marks on the wings 
and prothorax. The wings and body are softer than in many beetles, 
the typical head and antenne are those characteristic of the Cantha- 
ride, and the yellow fluid exuding from the joints of the legs further 
characterises this common insect. The life-history is unknown, and 
the life-histories of those Cantharide which have been studied are so 
various that there is no indication as to what the life-history of this 
insect is likely to be. The fluid exuded from the joints of the legs, with 
its blistering properties and probably unpleasant flavour, serves as a 
protection from birds and other enemies ; the colouration is that known 
as ‘‘ warning,’ that is, it serves to plainly advertise the unpleasant 
nature of this insect, so that birds, etc., may not eat it. In its habits 
this insect is, as would be expected, conspicuous; it may be seen 
on plants, fully exposed, so that its warning livery is clearly seen. It feeds 
upon the flowers of plants, notably Cucurbitacee such as the melon, 
pumpkin, cucumber, white gourd, etc. It is common in the plains 
and occurs throughout India where vegetation is abundant. There 
is one brood in the year and these beetles appear sometimes in great 
numbers and are very destructive. 


346 COLEOPTERA. 


not curved, filiform. Can- 


Cantharine.—The antenne longer, . 
species of which little 


tharis (Epicauta) contains a number of common. } ; 
——_— is as yet known. C. violacea, Makl., is a 


small deep-blue form found in Western India. 
(. acteon, Cast., 1s the very common large 
blue species, found for a short time in the 
rains. C. tenuicollis, Pall. (%C. ruficollis, 
Pall., C. ornata, Cast.), is a green form 
with a slender reddish prothorax, which, 
with the dull brown C. rouai, Cast., is 
destructive to cereals by devouring the 
stigma and anthers, no grain being formed. 
When the flowering of rice, millets or juar 
coincides with the emergence of these 
beetles, widespread loss may occur. C. 
hirticorns, Haag., is a black species with 
red head found abundantly in Assam in May 
where it feeds on Amaranthus and other vegetables. Tlletica testacea, 
Fabr., is the more robust and densely chitinised red-brown species 
found in the rains. This has robust mandibles; the shiny black thorax 
and lined elytra are hard and strong, givin g the beetle more the appear- 
ance of a Cerambycid. 


Fig. 220.—CANTHARIS 
TENUICOLLIS, 


Cissites Debyi—Green has observed that the eges of this species 
are laid in the galleries of Xylocopa tenuiscapa, Westw., in Ceylon ; 
some of the larve, he imagines, migrate on the bees to other colonies, 
( ; vd the flowers visited by the bees) and those that remain in the ori- 
ginal nest (and presumably attack the bee-larvee) pupate in side tunnels 
which they make off the main bee-tunnel (Ent. Mo. Mag., 1902, 232) 


COLLECTING. 


C ollecting.—The beetles are readily captured with the hand and 
require to be peretully dried. They lay eggs freely in captivity, the egos 
hatch and, in captivity, nothing further can happen. The further elucida- 
either the extremely careful observation 


th ae the open or prolonged investigation into 
vhe egg masses of Acridiids or the nests of Acule 


hope of finding larve. Any 


tion of the life-history requires 
of the larvee when hatched in 


ate Hymenoptera in the 
“pportunity of doing either should be 
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seized, as no progress can be made till more is known and we can at 
present only estimate their directly injurious effect as adults. 


TRICTENOTOMID A. 
Antenne long, serrate inside at the apex. Tarsi heteromerous. 


These are large beetles, practically heteromerous Longicornia with 
slightly serrate antenne. They have long bodies, the dark colours 


Fie, 221,—TRICTENOTOMA CHILDRENI, x 1. 
So ted a me . 


(except Autocrates ened, Westw., which 
is metallic blue), the general facies of 
many Cerambycid beetles and are found stig DO oR tenon 
in the same habitat. These insects CHILDRENI LARVA, 
are characteristic of the Indo-Malayan RNC k 
region, particularly of forest areas. 


Autocrates has the prothorax spined, the scutellum blunt. Tric- 
tenotoma has the prothorax only angulated, scutellum longer and sharper. 
Very little is known of the life-history of these nial they are pr0- 
bably predaceous in the adult stage. The larva of 7. children Bas eS 
cently been described and figured by Gahan from Java specimens 
(Trans. Ent. Soc., London, 1908, p. 275) ; we reproduce one figure in the 
hope that it may assist in the recognition of larvee of this family in South 
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India where they must occur. The structure of the larve is held to 
support the view that this family is more nearly related to the Pyne 
or Pyrochroide than to any other Heteromera. Besides the metallic 
blue 7 Autocrates anea, Westw., of the Himalayas, Trictenotoma 
Gray’, Sm., occurs in South India, 7. children, Gray, in the Khasis, 
and T. mniszechi, Deyr., in the Himalayas (Ann. Soc. Ent., France, 1875, 
p. LIX). Westwood (Cab. Or. Entom., 1847) figures 7’. childrem, Gray, 
T. templetonii, Westw., and 7’. enea, Parry, and discusses the characters 
on which he separates these as a distinct family. 


PHY TOPHAGA. 


The tendency in classification at present is to a complexity of 
families, especially in Coleoptera, and while this is possibly justified 
from structural characters, it is certain that there is not as yet sufficient 
material available to define so many families ; to all but the student of 
systematic entomology, the old broad families embracing insects 
allied in structure and habits are still the most natural and the simplest 
in actual working. We have accordingly adhered to the three fami- 
lies composing this series, the plant-feeding beetles; the Bruchids are 
seed-eating, the Chrysomelids live on green plants, the Cerambycids 
in the woody tissues of plants. This makes but three families and to 
place an insect in one of these three, places it as far as these habits go. 
Modern classification makes two or more of Bruchids, 13 or more of 


Chrysomelids, and two of Cerambycids, with a great tendency to make 
more. 


The series is distinguished by the apparently. four-jointed tarsi 


usually with at least one Joint expanded and pubescent beneath, and 
the absence of a prolongation of the head as a rostrum 


aa ee It is, in prac- 
tice in the field, a pecuharly Pats 


Me ; homogeneous series, the three families 
sharply distinct in all our common Species, It is easy to put a Scelo 
donta down as a weevil however, though it hag no distinct beak, because 

5 , Vv 
weevils in which the rostrum is 


not much developed and actually the limits of these two series do. as 


it resembles the leaf-eating smaller 


they should, shade into each other. 
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Brucuip&.—Pulse Beetles. 


Small thickset beetles, the hind legs thickened, the prosternum vertical. 
Tarsi apparently four-jointed, pilose below, third joint bilobed. 
Antenne eleven-jointed, often dentate or pectinate. 


These small beetles have a characteristic facies which distinguishes 
them from other Phytophaga, but confuses them with Anthribide. 


Fig. 223.—BRUCHUS CHINENSIS ; EGG ON PEA, x. 23: LARVA, X 123 IMAGO, x 10. 


They are small, rarely exceeding one-quarter of an inch in length. 
Their colours are sombre and inconspicuous, the body clothed with hairs. 
The head is small with a blunt rostrum, with short antennz, often 
pectinate or serrate. The prothorax is well developed and accurately 
adapted to the mesothorax. The elytra are truncate, not covering the 
py gidium. The legs are short, the hind femora thickened, The abdomen 
a peculiarly thickset, giving the beetles a characteristic appearance. 
These beetles are commonly reared from the seeds of leguminous 
plants. The beetle lays a number of small oval eggs, of a yellow colour ; 
they are apparently laid in a semi-liquid condition, so that they adhere 
to the seed or pod and then harden, (they have a curious resemblance 
to Scale insects of the genus Asterolecanium). In the field 
they are laid in the pod and in the case of Bruchus obtectus, Say, they 
ae often dropped loosely among the seeds (Chittenden). These eggs 
hatch, the larva eating through the inner wall of the egg-shell into the 
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seed-coat and so into the seed itself where it feeds upon the tissues. 
The larva is white, curved and with a close resemblance to larvee of 
weevils. Riley showed that, in the first instar, the larva is provided 
with three pairs of incomplete but functional legs, as well as a series 
of thoracic spines and a pair of toothed thoracic plates which enable 
the larva to bore into the pod or seed and so establish itself. When 
it has reached the seed, it moults and appears without the legs and 
the thoracic plates. As a rule, one seed, if full grown, is sufficient 
for a larva (or for many), butin the case of growing seeds the larva 
may eat so fast that the seed cannot develop and it has to move into 
a fresh one. When full grown, the larva cuts a disc in the seed-coat 
almost through and pupates below. When the beetle is ready to 
emerge, the disc readily opens, letting out the perfect insect. In Cary- 
oborus gonagra the larva comes out of the seed and pupates outside 
in an excrementitious cocoon. The beetles are found in the field 
visiting flowers of leguminous plants or on the leaves of plants. They 
appear to take no food, as do the household species also. There is no 
information available on the question of the hibernation, etc., of the 
free-living species. None are pests to crops. in India but the house- 
hold species are destructive to stored pulse. Bruchid larve are the 
hosts of Chalcid parasites, which lay their eggs in the larve in the 
seeds. These insects are sometimes found in abundance in infested 
pulse. 


The family is not a large one and, with the exception of the 
cosmopolitan household species, is principally found in the tropics. No 
list of Indian species exists and there is room for work on this family. 


Including cosmopolitan insects, 37 species are known from India and 


the number of species recorded from the plains is a very small propor- 


tion of those there are. The family is divided into two tribes : Urodon- 
tides with clubbed antennxe represented by Urodon in Ceylon; Bru- 
chides with dentate or pectinate flattened antenne. 
species of Bruchus include the known 
stored pulse in India :— | 


The following six 
n or recorded species found in 


(1) B. chinensis, Linn., 


in Pisum sativum (peas), Dolichos lab-lab 
(val), Dolichos biflorus (moth ie besa 


| ), Crcer arietinum (gram), Cajanus indicus 
(pigeon pea), Ervum lens (lentil), Vigna catjang (cow pea) 
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(2) B. affinis, Froll., in imported beans. 

(3) B. emarginatus, All., in peas (Pisum sativum). 

(4) B. quadrimaculatus, Fabr., in peas (Pisum sativum) and in 
= Deansa 

(5) B. pisorum, Linn., in peas (Pisum sativum). 

(6) B  analis, Fabr., from cow pea (Vigna catjang). 

Chittenden (Yearbook, Agric. Dept., U.S. A., 1898, p. 240) states 
that B. obtectus, Say, also occurs and it is likely to be found. The life- 
histories of B. pisorum, B. chinensis, B. obtectus and B. quadrimaculaius, 
are fully described by Chittenden (loc. cit.). Short accounts occur in 
most general works on entomology. We are not aware that any of these 
species have been reared in India, except from harvested seed ; else- 
where the beetles lay eggs in the pods on the plant, as well as on the 
stored seeds, but we have seen no instance where Bruchids attacked 
any cultivated pulse in the field, though many other insects are known 
which do so. We may presume either that these cosmopolitan species 
originated elsewhere or, if native to India, breed in wild plants; a very 
small number of species have been bred from wild leguminous pods in 
India, and these species do not occur among them. We believe all 
our destructive Bruchids to have originated elsewhere. 


Caryoborus gonagra, F., is a larger grey-brown insect, found in 
tamarind seeds and is the commonest free-living species in India. The 
larva when full grown emerges from the 
_geed and prepares a cocoon of very 

coarse and gummy white threads, with- 


in which it pupates; this cocoon is oval 


and attached to some part of the seed or 

Fig. 224. CABXOBORUS pod. .The imago feeds on the leaves of 
GONAGRA, x 4. <- ; : 

the tamarind tree. The life-history was 

described in a German papel by Elditt in 1860, he having reared it 


from pods of Cassia obtained from India (Indian Mus. Notes, III, p. 15). 
CurysomeLtips®. Leaf-Eating Beetles. 
Antenne moderately long, their insertion distinct from 
the eyes. Upper surface bare. 
The Chrysomelide are readily distinguished as they are Phytophaga 


see » Oe ada, § rithout the 
without long antenne as in the Cerambycide, and withou 
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TT neither bred 
peculiar form and hind legs of the Bruchida. They are also pe : 
: -in trees and are on the whole a distinct and easily re- 
from pulse nor in trees ¢ 


“Ze é de 
§ % 


Fig. 225. —-AULACOPHORA 
EXCAVATA, X 3, an fe 


Fig. 226.—AULACOPHORA 
EXCAVATA, X 3. 


cognised family. Individual species approximate on the one hand to 
the Bruchide and on the other to Cerambycide, and there is no really 
sharp line of distinction, but the very great majority are clearly recog- 
nisable. These beetles comprise a very large and varied assemblage, 
including a greater number and variety of forms than any other family 
of Coleoptera. All are herbivorous, the beetles are smooth, not being 
hairy as a rule or at least without the pubescent hairiness of Bruchids 


and Cerambycids. All are diurnal. It is impossible to discuss them 
as a whole and would 


There are first the EF 


upoda, in which the prothorax is much narrower 
at the base than the e 


lytra. The Camptosomes have one distinctive 
character, the lines of the abdominal segments not going straight 
across but curving, making the middle of each segment narrower than 
ing a large Space in the middle for the fifth. 

The Cyclica have not the aboy 
often a little narrower t] 


the sides, and leay 


e characters, but the prothorax is 


3 1an the elytra and usually has the edges distinct, 
not rounded off. 
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PLATE XXII.—Gaterucetta Rueosa. 


Eggs on leaf. x 3. 

Larva on leaf. x 3. 
», 48 hours after hatching. x 20, 
» full grown. x 6. 

Pupa. x 8, 

Female. x 8. 

Male. x S%. 
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Finally the Cryptostomes are very characteristic, the head being 
bent down so that the mouth is below, the antennx inserted close to- 
gether at the front of the head. They include the very distinct Cassv- 
dine in which the head is hidden, and the Hispinew, which have a 
characteristic outline and are often spiny. Actually if a Chrysomelid 
has not the narrow prothorax, nor the curved ventral abdominal 
sutures, nor the deflexed head and the contiguous antennx, it must be 
one of the Cyclica, the largest division of this large family. 


Head constricted behind eyes,, Donacwne. 


Prothorax narrowed, rounded. | Sagrine. 
produced anteriorly. HU-\|Criocerine. 


PODA. 
(Megascelin x). 
Megalopine. 
Ventral abdominal sutures |Clytrine. 
curved. CAMPTOSOMES. |Cryptocephaline. 
Chlamyne. 
| (Spheerocarine). 
(Lamprosomine). 
Antenne Feet bilobed. 
separate. Eumolpine. 
Feet simple. 
| Chrysomeline. 
Prothorax a little narrowed but } Antenne approxi- {Posterior cox 
laterally acute. CYCLICA. mate, elytra soft.| grooved. 
Galerucine. | Halticina. 
(Trichostomes). | Posterior coxw 


not grooved. 
Galerucint. 


Head exposed. 


Antenne approximate Hed | Hispine. 


deflexed. CRY PTOSTOMES. \ Head concealed. 
Cassidine. 


The following is a synopsis of the larval habits as far as they are 


known ‘— 
Sagrine.—Roots of trees. 
Donaciine-—\n aquatic plants. 
Criocerine.—On aquatic plants above water, or on land 
plants with excrement over, 
Camplosomes.—In cases, on plants or in ants’ nests. 
Eumolpine.—In roots or in soil. 
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Ohrysomeline.—Free, leaf-feeding. 
Halticini.—Mining in leaf or plant, or tree. 


Galerucini.—Free, exposed, orin underground parts of plants. 


Hispine.—Muining. 
Cassidinw —Exposed, carrying excrement or having anal process. 


A great number of species have been described both in the older 
publications of Hope, Oliver, Illiger, Baly (Chennell’s Assam Collec- 
tion, etc.), and more recently by Jacoby, whose descriptions of the 
Cardon and Andrewes’ collections add many new species (Ann. Soc. Ent., 
Belge, 1895, p. 252; 1897, p. 420; 1898, p. 185; 1903, p. 80; 1904, 
p. 380). The late Mr. Jacoby’s volume of the Fauna of India deals 
with the family as far as Eumolpine. 


Hupoda.—The Sagrine are the first sub-family, with five species 
of Sagra in India. These are characteristic insects, of large size and 
brilliant colouring, of which the life-history is almost wholly unknown. 
The oval brown cocoons of S. boisduvallii were found at Buitenzorg 
in the hollow root of a tree (Rhizophora) in 1862, (Nederl. Tiyydschrift 
V, p. 97), and it is known that in Java, Sagra Buqueti lays eggs on the 
bark of a tree, the larve living in the tree and causing gall-like hypertrophy 
of the wood. The beetles are found upon plants, Sagra femorata, Dy., a 
metallic green insect, being the common species in India, found in forests. 


Donaciine are a small group, of which four species are Indian. 
The larvee of Donacia live in aquatic plants, the beetles in water | or 
inthe air. None appear to have been 
reared in India. Donacia eraria, By., 
is found in the plains, though not 
commonly. Hamonia. though not 


recorded as Indian, is also known from 
the plains. 


Criocerine.— A larger group with 105 
Indian species of which a0 are inclu- 
ded in Lema and 19 in Crioceris. 
The Ceylon forms are distinct aa 
are treated by Jacoby as 


Malayo- 
Australian, only one occurring appar 
c Cc - 


Fig. 227.—DONACIA RECTICOLLIS. 
ently also in South India. 
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The life-history of none of these is definitely recorded  Crioc:ris 
impressa, F., was reared by de Niceville on kham-alu (Dioscorca alate’ 


Fig. 228.--LEMA SIGNATI- 


ies Fig. 229,—CRIOCERIS FASCIATI- 


PENNIS. 


(Indian Mus. Notes, V, p. 134). In general the larve are either semi- 
aquatic, living on the leaves of aquatic plants in cases made of their 
own excrement, or live on plants on land in the same way. These 
larve have the anus on the upper surface so that as their excrement 
is voided, it covers the body and makes a protective covering. They 
are extremely characteristic in appearance and are likely to be found 
on aquatic plants. The beetles are common in grass and on plants; 
they are usually brightly coloured and warning; several species are 
doninion: Lema coromandeliana, F., and Crioceris vmpressa, F., being 
widely spread in the plains. 


Camptosomes.—A large division divided into several sub-families, 
some of which are not represented in India. The Clytrine, Chlamyne 
and Cryptocephaline, are the most ccmmon, with many species of small 
cylindrical beetles, coloured often in orange or yellow and black. The 
larvee of Cryptocephalus are of peculiar form and live in small cases 
formed of their excrement ; they are white larve, with the abdomen 
tapering and doubled back under the body so that the apex reaches 
the thoracic legs ; the case made is a small oval one, in which the larva 
lives with the head and thorax at the opening, the anus in such a posi- 


tion that the excreta can be ejected. (In a Himalayan species living 
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on Artemisia, the cases very closely resemble the excreta of the larger 
grasshoppers and this is possibly a protective device.) The cases of 
C. corrosicollis, Jac., are common on long grass and those of C. Pusaensis, 
Jac., on “Jhau” (Lamaria gallica), and the little larvee can be readily 
reared. Donnisthorpe has described the life- history of the European 
Clythra quadri-punctata, L., in Trans. Ent. Soc., London., 1902, p. 11. 


We reproduce his summary :— 


‘*To recapitulate the | 
foregoing facts : The life- 
history of Clythra quadri- 
punctata is briefly as fol- 
lows :—When the beetle 
has emerged from the 
pupa in the nest, it 
escapes with caution 
‘feigning death,’ and 
holding on to twigs, when 
attacked by the ants. It 
then seeks its mate, 
and copulation takes 
place. The beetles are 
generally to be found on 
birch shrubs, the young 
shoots and leaves of 
which they eat, biting the 
top shootsright through. 
The female then seeks 
a tree or shrub above 
or close to a nest of 
Formica rufa, and drops 
the eggson tothe ground 3 


io. 9 _ 
Fig, 230.—CRYPTOCEPHALUS PUSAENSIS. LARVA, 


IN AND OUT OF CASE, DIAGRAM OF CASE, IMAGO. 


beneath. The eggs are co- 
vered by a case,or capsule, 
which is placed around it by the formale andere 
ment. This covering is placed in position w 
egg being held in the depression of the 


sts of her own excre- 
ith the posterior tarsi, the 
abdomen. The covered ego 


ooks exactly like as brac a ate . 
looks exactly like a small bract, and is exceedingly like the end of a 
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birch catkin. The ants pick up the covered egg and carry it into the 
nest. The young larva, which hatches in about twenty-one days, uses 
the egg-case as a nucleus on which to build the larval case ; thus very 
young larval cases have the egg-case still attached to their posterior 
end. The egg-case has a threefold raison d’ctre—-to protect the egg 
and newly hatched larva, to make the ants believe it is a bit of useful 
vegetable refuse, and to give the larva a foundation on which to 
start the larval case. When the larva case grows larger, the egg-case 
breaks off and the larva fills up the hole thus formed with the same 
material as that with which it builds the rest of the case. This 
material consists of its own excrement mixed with earth, which it pre- 
pares with its mandibles. To enlarge'the case the larva removes particles 
from the inside, and plasters them on to the outside. The larva feeds on 
vegetable refuse in the nest. When changing its skin it fastens the case 
to some object in the nest. When full-grown it fastens the case to a 
piece of wood or twig, and turning completely round, changes to a 
pupa, facing the broader end of the case. When hatched the beetle 
gets out of the case at this broader end, by biting a circle round inside 
it, thus forming a cap, which it forces off.”’ 


The student should refer to this account and read the bibhographi- 
cal remarks especially. There is nothing to show that our species have 
this habit, but it is worth bearing in mind when searching ants’ nests 
for insects. 

The Megalopine include Temnaspis (4), and Colobaspis (4), rare 
‘nsects found in the hills. The Clytrine are listed by Jacoby and 

; y = if 


Fig. 231.—A, DIAPROMORPHA PINGUIS, B. ASPIDOLOPHA THORACICA, 
©. GYNANDROPHTHALMA SUBDIVISA. 
(A fler Jucoby.) 
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Clavareau in Genera Insectorum, with 90 species from the Indian 
region of which less than fifteen are found in India proper. Jacoby 
describes 125 species in the Fauna of India. Titubea bimaculata, Jac., 
Olytra succincta, Lac., Clytra conformis, Lac., Coptocephala nar, Lac., 
and Diapromorpha turcica, Fabr., appear to be common species of the 
Clytrides, and Oryptocephalus senarius, Suft., Cryptocephalus sehestedti, 
Fabr., Cryptocephalus corrosicollis, Jac., among Cryptocephalides. Of 
the latter genus nearly fifty Indian species were recorded forty years 
ago and a larger number have been since described. Axema, Chlamys 
and Hymetes represent the Chlamyne, which are almost wholly 


American. 


Cyclica.—The largest division with the greatest number of species. 
There are three main sub-divisions of which two, Humolpine and Chry- 
someline, have the base of the antennz separated widely, whilst the 
third, Galerucine, has the bases of the antenne drawn together though 
not touching. The latter are separated by Jacoby under the term 
Trichostomes. In all, the beetles are of small to moderate size, usually 
brightly coloured. They b tee 


£ 
constitute the immense § 


majority of the family, 
the typical leaf-eating 
beetles. Colours are 
usually warning, bright 
blue, bright red, a oreat 


variety of tints. 


i J 
es 
32h - 


“e 
* 


Be b> 
Eumolpine.—Practic- J We PS, 
F . 2 $95F N 
ally nothing is on record f hg 
: 4 & Pa \ 
ius to the life-histories tees \ 
gv ayaa ‘& 
of our forms, but the a h: Ai —™ 
ran Yi e MA \) 
Ld : 
t 


larve probably are ( 
miners in roots or live in 


the soil feeding on roots. 
Jacoby records 4] 4 spe- 


Zi G 
cles from the Indian re- € ‘ m 
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Wig. 232.—ScELODONTA STRIGICOLLIS, 
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gion. Scelodonta includes 
small dull coloured beetles 
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found abundantly on grass and on plants. 8S. striqicollis, Mots.,is common 
on grape vines and where this plant is cultivated, is a serious pest. The 
late Mr. Jacoby wrote in the Fauna that this species could no longer 
be recognised, but he labelled a series of specimens from the Pusa col- 
lection with this name and omitted to record the localities in the 
volume. (It will probably be found to have a similar life-history to 
its allv the American grape vine rootworm, Fidia viticida, whose life- 
history has been described.) S. vittata is a larger form, found on Pan- 
chanjuria (Vitis trifolia), which shams death extremely effectively and 
falls to the ground on its back, the brown lower surface and white 
patches making it very difficult to distinguish. 


Colasposoma is a large genus of moderate-sized metallic-coloured 
beetles, C. metallicus, Clk. and C. ornatum, Jac., being common in 
the plains. Corynodes peregrinum, 
Fuesl., is a deep blue beetle, very 
abundant feeding on Ak and other 
wild plants and found throughout 
the plains. Nodostoma, Noda, 
Heteraspis, Pseudocolaspis, Colaspis 


Fio. 233.—LARVA OF CORYNODES 
PEREGRINUS, x 6. 


and Colaspoides, are the other com- 
mon. genera. 


Pachnephorus bretingham, Jac., and P. impressus, Ros., take the 
place in India that Myochrous takes in America, as being destructive 
to the young shoots of cane and cereals; they are small dust-coloured 
beetles, with the appearance of weevils, found in numbers in the 
expanding leaves of the young cane shoots which they destroy ; hidden 
in the heart of the shoot, they are difficult to find and usually escape 
observation, the destruction of the young shoot being assigned to some 


other cause. 


Chrysomeline.—Though these beetles occur in all parts of India, 
very little appears to be known beyond the mere description of such 
species as have reached European collections and been described. Nor 
is there any complete list at present available and the recorded Indian 
species are buried in a voluminous and scattered literature. It is the 
least represented division with less than 70 recorded species. We are 


not aware of any species being of economic importance to agriculture 
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in India and the larve apparently feed wholly upon trees, uncultivated 
shrubs and herbs. The group is characteristic OF the bompetate fot 
and only a few come into our limits, the majority penne ane ae 
A large number of larvae of exotic species have been deseribed a , a 
are known to feed openly upon the leaves of plants as do the Golerucins: 
Phadon brasicw, Baly., is a steel-blue beetle found feeding upon 
mustard in Golaghat (Indian Mus. Notes, Vol. III, p. 44). Plagiodera 
is represented by several species and Lina is represented by ee Euro- 
pean L. populi, Linn., which occurs in the Himalayas. Chrysomela 
includes a variety of moderate-sized beetles, some of bright colours, 
the commonest plains species of a dull black colour ; two are abundant, 
the spotted Chrysomela, C. guttata, Geb., and the unspotted species C. 
Pasco, Jac. Paropsides hieroglyphicus, Gebl., breeds freely on pear 
trees in the hills and is a pest in Shillong. 

Galerucine. Halticini—A large 
group with over 150 described 
Indian species and many more to 
be recorded. Podontia is common: 
in the hillsand moister plain areas, 
P. affims, Grond., and P. 14-punc- 
tata, Linn., being the familiar spe- 
cies. The latter is recorded ag 
breeding in Calcutta on Spondias 
mangifere ; the larva is covered in 
excrement and pupates in a rough 
cell of earth in the soil, the imago 
appearing yearly in August (Indian 
Mus. Notes, Vol. IV, p. 68). Chitea 
prcta, Baly., is a small oval brown 
and black species found feeding, as 
an imago, on the leaves of Bael 
(degle marmelos). The beetles jump 
freely as do most of this group. 
The larva is found boring in the 
shoots of this plant, the slender 
twigs being tunnelled down the cen- ‘Fig: 234.—Povowrra 14-punerata. 
tre but little harm being done. The eee 
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PLATE XXIII.—Pnainoponta Mopzsra, 


SUGAR-CANE HISPA. 


A, ° ing 
Hoge <7 i) B A day after laying. 
( C. Before hatching, 


Newly hatched larva. x 3. 
Larva in mine in cane leaf. 
Full-grown larva. x 3. 


Pupa 


C. Just before emergence, x 3. 
e Just after emergence. x 3, 


-) B. Dorsal aspect. 


(= Ventral aspect. x 3. 
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B. 15 minutes after emergence, x 3. 
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larva is soft, whitish with few very short hairs, the head brown, 
the tiny round spiracles on the dorso-lateral line. Behind the head 
is a distinct prothoracic shield, and over the anus is a flat black 
plate with short hairs round ; this plate is at an angle to the long axis 
of the body, facing dorsally and posteriorly and may be for the pur- 
pose of enabling the larva to exert pressure by placing this against the 
wall of the tunnel. Chetocnema basalis, Baly., is the flea beetle of 
rice, a small active beetle that leaps readily. This and other genera 
include the common flea beetles known as destructive to crops in all 
countries. Several species are found in Indian crops attacking wheat, 
sann hemp, mustard and brinjal. The larve of these small beetles are 
miners in the tissues of the plant. Luperomorpha weisi is recorded as 
attacking mango trees in Purulia (Indian Mus. Notes, Vol. V, p. 125). 
Haltica cyanea, Web., is a common  steel-blue beetle of moderate 
size. It breeds freely in the rains 
and until December, the black larvze 
feeding on a very common weed, 
Ammannia rotundifolia (Lythracee) 


which comes up abundantly after 
the rains. This species is curiously 


Fig. 235.—HALTICA CYANEA 
LARVA, X 4. plentiful In some years, but is very 


localised and swarms have been 
observed clustered in a patch in a single field ; they are gregarious when 
abundant, a patch of ground sometimes black with them. The winter 
is spent normally in pupation in the soil, the beetles emerging in March 
and waiting till focd can be obtained. This is one of the perfectly 
harmless insects so often reported as injurious, owing to its presence 
in large numbers in crops. Its ally, H. c@rulea, is the prey of the bug 
Zicrona carulea as is probably also this species (see Pentatomide 
below). 
Galerucini.—Over 250 species are recorded and this number will 
probably be doubled when the Fauna volume comes to be prepared. 


Oides occurs plentifully in forest localities and occasionally in the 
plains in the form of O. bipunctata, F., an oval orange beetle with a 
black blotch of varied size on each elytron. The larva is yellow and 
feeds on the leaves of the common wild creeper Vitis trifolia ; when 


full-grown it pupates on the leaf under a few coarse threads. 
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Aulacophora is the commonest beetle genus in the plains ets a 
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common species. A. foveicollis, Kust. (= abdominalis, G. et H.), 
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Fig. 237.—MIMAstTRA 
CYANFA. 


Fig. 236.—AULACOPHORA 
FOVEICOLLIS. [I. M. N.] 


deep orange above, while 4. excavata, Baly., has the elytra deep blue, 
A. atripennis, Fabr., the elytra black, and 4. downesi, By., the elytra 
black with a yellow basal patch. The last is rarer than the first three. 
There area number of species of this genus and the whole classification of 
these beetles is in confusion. Though 4, foveicollis, Kust., is extremely 
common, nothing is known of its life-history and all attempts to solve 
the problem hitherto have failed. It is a destructive insect to young 
cucurbitaceous plants, eating the leaves. (The larva of its ally Diabro- 
tuca in America, mines in the stem a little below ground, while the 
beetle behaves as our species does.) Hoplasoma also includes several 
common species whose life-histories appear to be unknown. Mimastra 
cyanea, Ho., is principally a defoliator of forest trees and occasionally 
occurs in numbers. The beetle emits an acrid yellow fluid from the 
head. Several other Species are common in ‘jungle but not in cultivated 
areas. We figure all Stages of Galerucella rugosa, Jac. (Plate XXII), 
Polygonum ; this genus and Haplosonyx are abun- 
dantly represented even in the plains. Another Galerucella is des- 
tructive (in its larval and imaginal Stages) to the Waternut or Singhara 
crop (L'rapa bispinosa), destroying the leaves of this valuable plant. 


whose larva feeds on. 
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Hispine.—Cryptostome beetles, in which the antenn are set 
closely together on the front of the head, but without the produced 


Fig. 238.—GoNnopHora $e 


BES ieee Fig. 239.—HISPA ®NESCENS, x 7. 

prothorax covering the head, which characterises the next sub-family. 

These beetles have a characteristic facies of their own, being 
usually flattened, the sides of the elytra parallel, the prothorax narrow, 
the integument either much pitted in lines or with regularly arranged 
spines. The antennx project in front of the small head; the legs are 
short, the elytra often have truncate ends. The colouring is varied, 
‘browns, metallic blacks and occasionally brighter metallic tints predo- 
minating. Some species are evidently cryptically formed and coloured, 
escaping notice when resting motionless on a young leaf tightly pressed 
to the surface. 


The life-history of several species in India has been worked out 
(Plate XXIII). The essential features are that the egg is laid 
in the tissues of a leaf or plant, the resulting grub mining in the tissues, 
and producing a ** blotch’’ mine. Moults take place inside the mine 
and the larva is much flattened, though in some cases provided with 
legs. Pupation takes place in the leaf. The beetles are similar in 


appearance in both sexes. So far as known, all Hispine have sucha life- 


wv 


ae 


lives concealed in the tissues of plants. Hiber- 


of rest take place in the imago state. 
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; > is a serious major pest, and 
One species, Hispa cenescens, By., 18 & serious ma) a 


another Leptispa pygmea, By., occasionally rivals it, 
pests or live in uncultivated plants. 


Others are minor 


Hymenopterous parasites are the 
only known check on the increase 
of these insects. H. Donckier de 
Donceel’s Catalogue (Ann. Soe. 
Ent. France, 1889, LX VIIE, p. 540), 
enumerates III Indian _ species, 
chiefly of the following genera :— 
Callispa 14, Anisodera 12, Gonophora 
9, Downesia 10, PlatypriaT, H espa 42. 
A few, including plains species, 
have been described since. Gestroi’s 


papers (Ann. Mus. Civ. Genova), 


i} Se 


Baly’s catalogue of Hispide, and 

Weise’s recent papers (Deutsche 

KEntomologische Zeitschrift) describe Fig. 240.—Leprispa pyomama, 
(t. M. N.) 


the majority of our species. 


Leptispa pygmea, Baly., is a narrow steel-blue species destructive to 
rice in Malabar and occasionally found elsewhere in the plains. Its life- 
history is unknown, 4 mblispa levigata, Gruer., isa spineless black insect 
found on the leaves of the high grass In Canara and the Himalayas. 
Gonophora bengalensis, We., is a pretty yellow-brown species with 
black spots found abundantly during the raing in submontane local- 


Platypria includes P. Andrewesi, We., described from specimens 
reared from ber (Zizyphus jujuba) and common in widely spread local- 
Itles in the plains. The larva does not remain in one mine but moves 
, eating into the leaf, eating out a kind of pocket and then emerg- 


Ing to commence a fresh pocket. The larva (fig. 241) is flat, the head 
large and hard, with short antenne and a | 
prothorax bears a dorsal and a y 
duced laterally and bear 


ateral cluster of ocelli ; the 
entral shield : the Segments are pro- 
a termina] backwardly-curved process: the 
1; the legs are »-. vernut or Singhara 
runs actively ; the abdomen term: 1 this valuable plant. 


spiracles are on the dorsun 
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a lateral process, the anus being ventral. It pupates in a special pocket 
in the leaf. The pupa issimilar, but the fourth abdominal segment is 


Fig. 241.—PLATYPRIA ANDREWESI. LARVA ON BER LEAF; 
OLD AND PUPAL MINES, x 3. 


drawn out laterally into a strong backwardly-directed process on the 
dorsum. 

P. echidna, Guer., is a common 
form in the Western Ghauts and 
Nilgiris. Hispa (Phidodonta) modesta, 
We., has been bred in sugarcane ; 
its life has been fully described 
(Mem. Agri. Dept. Ent.), as has also 
that of Hispa anescens, By. This 
last is avery important pest in rice- 
growing tracts and may be distingui- 
shed by the form and position of the 
prothoracic spines, the small tooth 
at the lower edge of the basal an- 


tennal joints, the absence of spines 
Fig. | on the antenne above and the me- 
tallic black-green colour. The dis- 
‘if attention be paid to such points, 


‘inst hasty identification without 


366 COLEOPTERA. 


OCassidinee.—Tortoise Beetles. The characteristic of these bzetles ix 
the flattening of the body and the extension of the pronotum over the 


head. The form is oval or rounded, Bar 
the outline of the extended pro- Lk git 
thorax continuous with that of : ba 
the elytra and giving the insect the iS is 


appearance of a tortoise. The co- 


louring is either dull green or dry D 
grass colour, or is peculiarly brilli- 
ant, the living insect having a glit- 
tering golden hue with a ground tint 


of red, pink or green. In appear- 


ance these are perhaps the most A B 
striking of all insects, living jewels Fig. 243.— AspipomorPHa MILIARIS, 
of the most delicate beauty. The ARGC MASE Uae: 


‘ , ; ; C. Pura, D. Imaco, 
object of this colouring is not clear, 


though the dull green ones are evidently cryptic, in conjunction with 
their form and immobile attitude on the plant. 


Few details are available as to the life-history. Eggs are of two 
types, single eggs laid on the leaf (Coptocycla), egg masses containing 
many eggs (Aspidomorpha) ; larvee 
are flattened, with processes bear- 
ing spines, with three pairs of legs 
and having an anal process which 
can be turned over the dorsum 
and bears the dried excreta. We 


: & figure such a larva (Plate XXIV). 
| ike ss These larve are found on the 
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aie leaves of their foodplants and. in 
get - the moist tropical zones where 
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Fig. 244.—Larva or METRIONA « this valuable plant. 
CIRCUMDATA. 
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PLATE: XXIV.—Casswilte, 
Calopepla hexagona, larva from above, with its attached moult. 
Anal segment with the moult removed. 
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Coptocycla seapunctata, 
Prioptera 10 maculata, 


> 
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insects. None can be reckoned as pests since none occur abundantly ; 
Convolvulacee are their food especially, several feeding on sweet 
potato (Ipomea batatas) and on garden creepers. The majority breed 
only in the rains since there is then only a sufficiency of food. Appar- 
ently the imago goes into hiding for the intervening seasons, but 
accurate data on this and other points in the life history are not. 
available. 


The species are described by Bohemann in his Monograph, dated 
1850-1862, and a number of species have been described since. Hop- 
lionota (6), Prioptera (8), Calopepla (4), Epistictia (3), Chirida (4), 
Aspidomorpha (14), Cassida (26), Laccoptera (4), Coptocycla (13), 
are the genera. The larger and more brilliant species of Calopepla. 
Aspidomorpha, etc., are wholly hill or forest forms, and only the 
duller green Metriona and Coptocycla and the smaller Aspidomorpha 
occur in the plains. Aspidomorpha miliaris, Fabr., was reared in 
Calcutta on Convolvulus ; it commonly attacks sweet potato also. The 
life-history has been worked out in the Philippines by W. Schultze, 
who ficures all stages. (Philippine Journal of Science, III, p. 261.) 
The duration from the egg to the emergence of the adult was38 days, there 
being four larval moults before the pupal moult. He remarks that the 
larvee feed and pupate in groups. The student should consult this 
paper, as also Muir and Sharp’s (Trans. Ent. Soc., London, 1904, p. 1), 
and Muir and Kershaw’s (Loc. Cit., 1907, p. 249), for interesting notes 
on the eggs and transformations of this group. 


Metriona circumdata, Hbst., is the commoner green form breeding 
on the same plant, as also does the common six-spotted Chirida 
scanotata, F., both of these laying eggs singly on the leaf. Cassida 
dorsonotata, Boh., is common in the moister areas, while Coptocycla 
varians, Hbst., 1s found in abundance breeding on the wild Ipomcea 
on sand dunes ([pomea pes-capre) ; the single oval egg is laid on the 
leaf and is fastened with short brown filaments from the side of the egg 
on to the leaf; the green larva is flattened and very difficult to see, 


resting by day motionless on the plant. 


Collecting. —The bectles are easily collected and preserved ; their food- 
plants should in all cases be noted. Whenever possible they should be 
kept alive with food till eggs are obtained and the larvee studied. This 
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is not always possible and the life-histories of some of our commonest 
species still remain unknown. For this reason overs larva found de- 
serves careful rearing; larve are preserved in formalin. The student 
may be cautioned against hasty identification of specimens that look ex- 
tremely alike, more especially in the Hispides. There is no group that re- 
quires more careful scrutiny before pronouncing two specimens to belong 
to the same species, and this is of great importance in the economic 
species. There is also no group that offers such scope to the inquirer, 
especially in the bionomic aspect. To the naturalist living in a forest 
or hill district there is immense scope and the fauna of any one place 


will take years to procure and work out properly. 


CERAMBYCID&.—(Longicornia). 


Antenne long, their bases partly encircled by the eyes. 


Upper surface pubescent. 


This large family of large insects is readily recognisable from their 
general form and their long antenne. They range from under half an 


a | 


Fig. 245.—BaTocera RUBRA, 
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inch to over one inch in length, the body robustly built and the inte- 
gument hard. The colours are sombre or bright, many being cryp- 
tically coloured, others exhibiting Mullerian mimicry, imitating the 
colouring of warningly coloured insects. 


The head is distinct and well developed, with large eyes and power 
ful trophi, the heavy biting mandibles being prominent. Antenne 
are long, dentate in some forms, in others with tufts of hair. The pro- 
thorax is powerful, accurately adapted to the body. The elytra cover 
a pair of ample wings and are closely applied to the abdomen. In some 
cases they are abbreviated or narrowed and do: not wholly cover the 
abdomen. The legs are long, the tarsi pubescent. Males are similar 
to the females, the former having larger mandibles and distinctions in 
the antenne and forelegs and, as a rule, the antennx are longer. They 
stridulate by moving the prothorax against the body, the posterior 


edge of the prothorax rubbing on a corrugated surface on the meso- 
thorax and so producing an audible squeak. 


Fig, 246.—Ca:LOSTERNA SCABRATA LARVA. 


The life-history, so far as known, is uniform throughout the group. 
The females lay large eggs singly in cracks of the bark of trees or on 
bamboos. These eggs hatch to legless larve which tunnel in the hard 
woody tissues, eating out large galleries in which they live. The larva 
is characteristic in form, generally similar to that of Buprestide but 
with the abdomen more developed and the swollen prothorax less 
marked. The head is small, with powerful biting mandibles. The 
thorax is slightly swollen, with a broad dorsal plate, without legs ; the 
abdomen often has dorsal plates on each segment. The pupa 1s found 

IL 24 
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in the tunnel, in a chamber formed by closing up the tunnel at its head 
and tail, or in a cocoon of white hard material derived from the excre- 
ment. The length of the life-history is known in few cases but in species 
investigated elsewhere, has been found to be very long, as much as three 
years being spent in the larval stage. This is due possibly to the lack 
of nutrition in the food of the larva, the dry woody material not con- 
taining much nutriment ; a great amount of it must pass through the 
alimentary canal in order to supply the necessary food and a long 
period is apparently consumed in obtaining this. The larval galleries 
are often very large and extend to a great length through the trunks 
of trees. 


The family is a very large one, principally confined to forest areas 
and of no importance in Agriculture except in special cases. Few are 
found in the cultivated plains and the 
bulk of the species are purely forest 
haunting insects. The Indian species are 


being described by Gahan in the Fauna 
of India. 


The family is divided into two svb- 
families :— 


Cerambyc'ne.—Head in front oblique 
or sub-vertical, last joint of palpi not 


pointed in tront. Fore tibiee not grooved 
beneath. 


Lamiune.—-Head in front vertical or Fig. 247.—BATOCERA RUBRA 
bent inwards well below the thorax. PUPA, 
Last joint of the palpi pointed at the end. 
Fore tibia generally with a groove beneath. (Gahan). 


Cerambycine.—Gahan makes four sub-families :— 


Prionini.—Distinguishable as a 
of the prothorax. Disteniini. 
three hill forms. 


tule by the sharp lateral margins 
Ten hill forms. Lepturini. Twenty- 


Embraces most of our forms but 1s 
the 


Cerambycini, 
not readily distinguishable in 


aE case of hill forms, except from 
Prionini. 
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Prionint.—An assemblage of 53 Indian species, of which two only 
are common in the plains. They are large dark brown insects, the an: 


Fig. 248.—PRIOTYRANNUS MORDAX. 


tenn long, the prothorax usually spined, the mandibles often very 
long, curved and powerful. Dorysthenes montanus, Guer., is stated to 


come out of the soil in the Nilgiris in 
such numbers as to cover the soil ; 
this occurs in April, May and June, 
the observer (Mr. Perrotet) further 
remarking that the bears eat these 
beetles. (?) (Guer. Men., Rev. Zool., 
1840, p. 40.) The large brown 
beetle that fliesinto lights in South- 
ern India and bites so freely is 
Priotyrannus mordax, Wh. The less 
formidable Paraphrus granulosus 
Thoms. comes into houses at night 
in Behar. Macrotoma crenata, Fabr., 
ig a common plains species, wide- 
spread over India, found under 
fallen leaves and at light. Aegosoma, 
costipenne, Wh., is recorded as 
boring into teak trees in Assam. 
(I. M.N. II, p. 12.) Acanthophorus 


Fig. 249.—HYPOESCHRUS INDICUS. 
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| Peo ‘es In mango and 

licornis, Oliv., occurs in South India where it bores 1” 8 

eee f | d f - North as Amballa, and A. modicus, Gah, 1s 
has been found as far North as 


known only from Lahore. 


Fig, 250,—ACANTHOPHORUS SER RATICORNIS, 


Cerambycini—Gahan lists 309 species from the Indian region, 
divided into 20 groups. 
number of forms here : 
in the plains. 
the Sal tree. 


It is impossible to discuss so large a 
about 12 may be considered as common 
We figure Hypoeschrus indicus, Gah., which bores in 


Xystrocera globosa is a reddish 
length, with a conspicuou 
the elytra, found very w 
Mr. Willcocks states th 
tree (Albizzia lebek), 


brown beetle, of about one inch 
S longitudinal band of metallic green along 
idely. It represents the third group Emini. 


at it is, in Kgypt, a serious enemy of the Siris 
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Stromatium barbatum, Fabr. (Hesperophani), is perhaps the most 
abundant Cerambycid beetle in the plains, and is known to breed in 


Fig. 251.—SAL WooD ATTACKED 


BY HYPOESCHRUS INDICUS. 


Khair (Acacia catechu), teak, sissu and other 
dry timber ; it is a dull brown insect, whose 
most interesting feature is the patches of 
silky hair on each side of the prothorax of 
the males; these are so placed and set that 
they catch the light in a very marked way, 
‘reflecting it towards the front, so that 
looked at from in front the insect appears 
to have two large shining eyes; this may 
be mere fancy or may serve a useful pur- 
pose in courtship or defence. This beetle is 
known to emerge yearly in early June. 


The Cerambycines contain a large number 
of forms common or injurious. Plocederus 
obesus, Gah., is the insect recorded as des- 
troying sal (I. M. N. I, p. 91); its cocoons, 
which are large, hard and formed apparently 
wholiy of calcium carbonate, are striking 
objects.  Holesthes holosericea, Fabr., is 
recorded (I. M. N. I, p. 89) as breeding in 
sal wood (Shorea robusta). Itisan extremely 
handsome beetle of rather over an inch 


length, covered with fine pubescence that 
gives beautiful silky reflections. It is one 
of the common plains species. Dvorthus 
simplex, Wh., is another common and wide- 
spread species, of a dull brown colour, 
resembling the preceding generally but with 
a distinct scar at the apex of the basal 
antennal joint bounded by a little mdge. 
Derolus demissus, Pasc., is a smaller brown 
species without the antennal scar and with 
a fine ridge along the ventral face of each 


femur. 


Fig. 252.—AEOLESTHES 
HOLOSERICBHA. 
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With the Callichromini, we leave the dull brown species and poms 
to metallic blue and green species of larger size and more slender build. 


XX 


Fig, 253.—CHLORIDOLUM ALCMENE. 


Xylotrechu has the antenne wide 
apart and the front with ridges ; it 
includes the White Borer of Coffee, 
X. quadripes, Chevr., whose larva 
lives in the stems of the coffee plants. 


Much has been written 


about this pest 
which 


occurs in the coffee districts 
of South India and is most destructive 
to coffee grown under too dense shade. 
It is found also in Assam, Sylhet and 
Burmah and is an example of an ordi- 
nary indigenous insect finds 
abundance of a cultivated plant in 
which it can breed and thus be 


which 


comes 


Chloridolum alcmene, Thoms., 
is the species found boring in 
the trunks of orange trees in 
Coorg (see Agri. Journ., India, 
Vol. I, p. 129). It is a deep 
blue insect, the legs dark 
coloured; it is recorded also 
from Assam, Andaman Isles, 
and Burmah, while Mr. 
found it in the 
No other species is 


Andrewes 
Nilgiris. 
notable and none occur in the 
cultivated plains; some are 
known to emit an odour which 
is pleasant and possibly con- 
nected with sex. 


The Clytini include a large 
number of hill forms, chiefly 
slender insects with a cylindri- 
cal or globose prothorax and 
marked in bright 


colours. 


Fig. 254.—XyLorrecaus QUADRIPES, 
THE WHITE BORER OF COFFEE, 
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a pest. Tbe reader should consult the account of Dunning (Tr. Ent. 
Soc., London, 1868, p. 105), of Bidie (Report on the Ravages of the 
Borer, 1869, Madras), and that of Taylor (The White Borer, 1868, 
Madras). 


Caloclytus is a large genus of yellow banded beetles, one of which is 
occasionally extremely abundant in the plains. This is C. annularis, 
Fab., a slender beetle clothed 
in yellow pubescence, with 
dark bands on the thorax and 
elytra; it lays its eggs on 
bamboos, the larva hving in 
the bamboo and gradually 
destroying it; the life-history 
occupies one year, the beetle 
being easily reared in capti- 
vity ; large numbers have been 
found to emerge from a that- 


Fig. 255..—CcsLOSTERNA SCABRATA, ched roof in which new bam- 

boos were used, their emergence 

taking place in May. Other species are extremely common in the hills, 
as are also some species of Clytus and Demonaz. 


Lamiine—The: revision of this sub-family is not yet complete 
and we can only mention the common. species of the plains, with the 
caution that the publication of the revision in the Fauna Volume will 
inevitably alter the nomenclature of the species named. Batocera 
rubra, Linn. (figs. 245 and 247), 1s the large beetle found throughout the 
plains, whose larva is common under the bark of trees; it appears to 
occur chiefly in decaying bark and the trees felled in Pusa contained 
abundance of the large larve and pupe. It is an extremely handsome 
insect, the largest of the common plains species. It is common also 
in mango, and E. P. Stebbing has described its occurrerce in the Duki 
fig (Ind. For. Bull. 10). Calosterna spinator, F.,is a common beetle, 
breeding in babul (Acacia arabica) ; the beetle has been found to eat 
the bark of cotton plants and, when abundant, as it occasionally 1s, to 
do harm in this way. C. scabrata, F. (figs. 246 and 255). has been 
reared from Casuarina equisetifolia in South India, where it Is very 


destructive to voung trees, and also from mulberry. Sthenias grrsator, 
; 
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F., is a smaller beetle reported to girdle Tabermamontana alba branches 
in South India, as well as to cut down rose bushes (Ind. Mus. Notes 
L11, p. 40). Olenecamptus bilobus, F.,1s common in the plains on pakur, 
gular and other fig trees; it is conspicuous by the round white spots 
on the smooth brown elytra and is likely to be found everywhere in the 
plains. Apomecyna histrio, F.,and A. pertigera, Thoms., are common 
among cultivated crops; both are of small size, dull brown in colour, 
with many small white spots disposed over the elytra. The latter have 
been reared from the stems of the common pumpkin (Cucurbita pepo) 
in which it occurs abundantly (Plate X XV). 


Amongst the many species of Glenea, G. spilota, Thoms., is known 
to breed in the trunk of the silk cotton tree (Bombaxz malabaricum), the 
larva being found abundantly 
in the decaying trunk after the 
plant has dried, in common with 
a host of other insects. Mono- 
hammus nivosus, Wh., is the 
commonest representative of this 
immense genus, an insect found 
on the Ak plant (Calotropis spp.) 
in the plains. Its larva is found 
in the stem of the plant, Ssuypouuny 
up the centre and the beetle is to 
be found practically wherever 
this plant grows. 


The following list of plants 
bored by Cerambycide is com- 
piled from Indian Museum Notes 
(I.M.N.), the reports of the Forest 
Zoologist (E.P.S.), of the Ento- Fig. 256.—MONOHAMMUS VERSTEEGI. 
mologist, Indian Tea Axsociation 
(C.B.A.), and our own records. 
such as the Arbelidsx. 


We have included borers of other groups 
Cosside. Buprestide, etc., but the records 
are extremely meagre and show how little this subject has been 
investigated. The borers in dry wood, etc., of the Bostrichide, 


PLATE XXV.—AvrvomecynA PERTIGERA. 


Tig. 1. Egg. 
» 2 Full-grown larva. 
Hy : t Pupa, ventral and dorsal. 
i 5. Beetle, 
,, 6. Beetle feeding on growing plant. 
ie 


Larvee and pupe in the stem. 
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etc., and the larve living in the branches, etc. (as the Curculionidée), 
are omitted. 


v4 
/ ; 
Fig. 257.—NEOCERAMBYX PARIS. 
Plant. Bored by. 
Akh. Calotropis gigantea. Monohammus mvosus. 

Asan. Terminalia tomentosa. Aolesthes holosericea (1. M. N.). 
Babul. Acacia arabica. Aolesthes holosericea (1. M.N.). 
%9 29 3 Colosterna spinator (1. M. N.). 

Ber. Zizyphus yujuba. (Arbela - tetraonis.) 
Bamboo Dendrocalamus. strictus. Stromatium barbatum (EK. P.S.). 


Bambusa sp. (dry). Jaloclytus annularis. 
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Casuarina. 


9? 
Coffee. 

99 
Gular. 
Guava. 


Khair. 
Lime. 
Orange. 
Litchi. 
Mango. 


29 


2? 


Sal. 


2? 


Sandal. 
Simul. 
2? 
Sissu. 
Tea. 


2? 


Pumpkin. 
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Casuarina equisetifolia. 


9? 29 
Coffea arabica. 
9? 9? 
Ficus glomeratus. 
Psidium quava. 


Acacia catechu. 

Citrus medica. 
aurantium. 

Nephelium litchi. 


Mangifera indica. 


Cucumis melo. 
Shorea robusta. 


99 »? 


o? 99 
?? 29 


Santalum album. 


Bombazx malabaricum. 


2? 39 


Dalbergia sissu. 
Camellia theifera. 


9? 


> 


(Arbela_ tetraonis). 
Celosterna scabrata. 
Xylotrechus quadripes (1. M.N.). 
(Zeuzera coffee) (I. M. N.). 
Batocera rubra. 
(Arbela tetraonis). 
Molesthes holosericea. 
(Belionota prasina). 
Stromatium barbatum (1.M.N.). 
Chloridolum alemene. 
(Agrilus grisator). 
(Arbela tetraonis). 
Acanthophorus serraticornis. 
Stromatium barbatum. 
Batocera rubra. 
(Arbela tetraonis). 
Apomecyna pertigera. 
Plocederus obesus (I. M. N.). 
Hoplocerambyx — spinicornis 

(I. M. N.). 
Celosterna scabrata (1. M. N.). 
(Chrysobothrys seanotata) 

i Mie Na: 


Atolesthes holosericea 


(ie Bees). 
Acanthophorus serraticornis 
CO Rce oa so S 


Dialages pauper (BE. P. §.) 
Hypaschrus indicus (I. M.N.). 
(Zeuzera coffee). 

Plocederus obesus (I. M. N.). 
Glenea spilota. 

Stromatium barbatum. 

(Arbela dea). (C. B. A.). 

( ,, quadrinotata). (C. B. A.). 


(Phassus malabaricus). 
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Teak. Tectona grandis. Batocera rubra (I. M. N.). 
Stromatium barbatum (1. M.N. 
Stromatium longicorne (1. M. 
Aegosoma costipenne (1. M. 
Molesthes holosericea (1. M. 
3 (Psiloptera fastuosa) (1. M. 
ys = =f (Cossus cadambe) (J. M. N.) 


RHYNCHOPHORA. 


A series of beetles recognised by the tarsi, which are similar to 
those of the Phytophaga (fig. 183), by the antenne, usually clubbed and 
often elbowed, and by the rostrum, the head being drawn out more or 
less distinctly, so that the mouth, instead of being ventral, is anterior 
to the eyes, and often at the apex of a distinct beak-like prolongation 
of the head. It is difficult to place afew forms and to distinguish 
exactly between this series and some of the Phytophaga, but such 
cases occur very rarely. The Rhynchophora are on the whole a 
distinct series, all phytophagous, with leg-less larvee usually living 
concealed (pace Cronus) and including a large number of boring insects 
found as larve in plants. 


ANTHRIBID &%. 


Rostrum short and blunt. Antenne straight, usually clubbed, eleven 
joints. Tarsi of four joints, third small and hidden. 


Dull coloured beetles of small size and not often found, the body 
clothed in pubescence. These beetles are found on tree trunks, on 
mushrooms, on dead wood ; few are very active, though a few can leap 
(Arecerus). The larve are white grubs similar to those of Curculionidae 
but sometimes with legs. They are found in seeds and in wood. 
Though few Indian species are known, many probably occur and their 
identification is not easy. Malaya is the head-quarters of the family. 
The student who specialises in this family will find a list of the known 
species with bibliographical references in Ann. Soc. Ent., Belge, XLIX, 
p. 218 (1905). Bovie here lists 91 species as occurring in India, 
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Burma and Ceylon. Jordan has described the majority of the forms 
from our limits. 

Eucorynus crassicornis, Fabr., is a dark coloured insect found 
not uncommonly in tree bark in the plains, while Phle@obius alternans, 
Wied., has been found on plants. Arecerus fasciculatus, de G., 1s 
cosmopolitan and has been recorded as breeding in Areca nut in India. 
It is stated to have been distributed in coffee beans in which it 
breeds freely. This, or a very closely allied species, breeds freely in 
old dried cotton seeds (Plate XXVII) that remain on the plant after 
picking, and we have reared very large numbers from such seeds. 
Another has been reared in dry chilli pods and a third from the stem of 
parwar (T'richosanthes anguina). The cosmopolitan species feeds 
on a great variety of substances and is variable in appearance; the 
discrimination of species is not easy in this genus. 


CURCULIONID&.—-Weevils. 


Labium absent. Antenne clubbed and elbowed. Head produced 
mmto a rostrum. Fourth tarsal joint reduced. 


Weevils are recognisable by the rostrum and elbowed antennx 
in almost all cases. They vary in size from one-eighth of an inch in 


i/? 


a Fig. 259.—BRACHYASPISTES TIBIALIS. 
x 5. [I. M.N.] 


length to nearly two inches, and in- 


Ef 


ak a 
FO he OR te te ay 5 


. clude a large number of forms a 
; little more than a quarter of an inch 


7 


long. The col 
at. g. ‘colours are 
Fig, 258.—BRACHYASPISTES TIBIALIS. } 5 nee ails 
x 5. (I. M.N.] '  Prowns and greys predominating, 
many black, a few a rich red brown 
and some green. In many species the body is clothed in scales, the 


actual integument being dark coloured, the delicate scales grey, buff, 
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PLATE XXVI.—Cytas Formicantvs, 
Sweer Poraro WEEVIL. 
igg, x 10. 


Small potato ssa laid on it. x 2. 


Larva. 
Attacked potato. 


Pupa, magnified. . 


Imago. : = 


Antenna of female above, male below. 
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ereen or other light tints. When magnified these scales give the 
insects a very beautiful appearance, one that cannot be appreciated 
by the naked eye. In some species the body 1s not clothed with scales 
but with an ‘‘ efflorescence,’’ a delicate mealy covering produced by 
the insect itself, and suggesting that a strong alkaline solution has been 
excreted and evaporated, leaving a white floury coating. The body is 
often short and thickset, the head drawn out into a beak of very 
varied form. Small compound eyes are placed at the base, the antenne 
projecting from the side of the rostrum. The antenna consists of a 
slender elongate basal segment, the scape, seven or six short slender 
segments forming the funicle and a club composed of three or four ex- 
panded segments (Fig. 137). The minute biting mouth-parts are situat- 
ed at the apex of the rostrum; the latter may be short and thickset or 
long, slender and either curved or nearly straight. Ina majority, there 
are the scars of the bases of temporary mandibles found in the newly 
hatched weevil, on the mandibles ; these were used in emergence from 
the cocoon or ground and shed. The prothorax is well developed, 
the abdomen large and completely covered by the elytra which fit 
closely to the body and cover the folded wings. The legs are 
moderately long, the femur often swollen at the apex, the tarsi of 
four apparent joints, of which the basal three are usually flattened and 
densely pilose. Males and females are similar in appearance, the 
former often smaller and in some species readily distinguished by the 
form of the rostrum, fore-legs or antenne. 


Though the family is a very large one, the life-histories of only a 
very few are known. So far as known, the eggs are of two types; eggs 
laid in exposed positions on the outside of a plant are small oval objects, 
smooth, with a hard shell; those which are deposited in the tissues are 
soft, elongate and white. They are laid singly, and usually in consi- 
derable number spread over a number of plants. Larve are, as a rule, 
internal feeders and are white soft legless grubs (Plates XX VI, XXVII), 
with a distinct brown head and a much wrinkled body, which is fleshy 
and slightly curved. The majority of the known larvee are found in 
the tissues of plants, in roots, stems, fruits, twigs and other parts. 
None are known to be other than herbivorous. Pupation occurs in the 
plant, and there is great variety in this respect. A few make cocoons 


of fibres; many pupate in the tunnel without covering, though in a 
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distinct closed chamber. The larvae which live exposed make a case 
of excrement or of gummy material derived from the anus. jon 


The weevils which emerge are 
active insects, diurnal or noctur- 
nal, feeding on leaves and other 
parts of plants or on plant sap. 
None are known to be predaceous, 
though at least one is probably 
so. The duration of each stage 
varies with the species. Some are 
one-brooded, hibernating as the 
imago and passing long periods 
in the imago form, until they 
are able to lay eggs in the tissues 
in which the larve can live. 
Others are many-brooded, and 
one brood succeeds another so 
long as food is available. In 
these cases hibernation appears 
to be passed in the larval or 
pupal form. 


Weevils have the habit of 
‘’ shamming dead;’’ when ap- 
proached the legs and antenne 
are folded close to the body and 
the insect drops to the ground. 
This is a valuable defence, especially in thick vegetation, the 


insect falling to the soil and being extremely hard to find. Since 
all are herbivorous and 


Vig. 260..-ODOIPORUS LONGICOLLIS, IMAGO 
AND COCOON,. 


Some abundant, the family includes many 
destructive species, whose tavages, especially in the larval stage, are 
of importance in Agriculture. Our knowledge of these insects is slowly 
growing and many yet remain to be worked out. Owing to their con- 


cealed lives and to the often nocturnal habits of the imago, they are 


difficult to check, no stage being exposed to any particular measures 


that can be adopted. A few are destructive, not in the larval but in 


the imaginal stage, the weevil living for long periods and destroying 


leaves, The mango weevil, the melon weevil and apple weevil attack 
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fruits, the sweet potato weevil, tubers, the cane weevil the roots, the 
cotton stem weevil, palm weevil and jute weevil the stems, while the 
white and green weevil eat the leaves, and the rice and wheat weevils 
stored grains. The enemies and checks of these insects are little known ; 
parasitic insects check the larvee and the weevils are probably des- 
troyed by birds and by predaceous insects. 


The family is one of the largest, and though many species are 
known, no thorough account of the group is in existence. They occur 


Fig. 261.—A. HYPERA VARIABILIS, B. MYLLOCERUS DISCOLOR, ©, ALCIDES 
LEOPARDUS, D, BALANINUS C, ALBUM. 
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in all parts of the tropical and temperate regions. In India, the plains 
fauna is rich in species, though more are to be found in the submontane 


; 7 g j ; i ia is being 
forest and jungle areas. The family as 1t occurs in Ind 8 


described in the Fauna of India by G. A. K. Marshall. 


The classification of the Curculionde is too vast to be entered 
into here. One has but to glance at the vast array of groups, divi- 
sions, legions, cohorts, tribes, etc., into which the family has been 
divided to realise its complexity. A complete revision of the family in 
the hight of new knowledge will have to be done when the monographs 
on the regional faunz are more complete. As in other complex groups 
of Coleoptera, there seems to be no immediate prospect of any thorough 
revision owing to the complexity of the family and its vast number 
of species. About 1,500 Indian species are probably already described 
or recorded, but an equal number at least will probably be added now 
and new forms are found constantly. 


Brachyderine.—-Blosyrus asellus, Oliv., is a grey weevil, with 
thickset abdomen and elytra. found commonly feeding on leaves from 
August to December. Astycus lateralis, F., is the common green weevil 
of the plains of India, found feeding in abundance upon cultivated plants. 
A. chrysochloris, Wied., is the larger metallic green species common in 
Assam. Tanymecus indicus, Fst., is one of the many weevils which 
are so abundant on soil and eat young plants. It is extremely 
common in the Gangetic plain and appears regularly twice in the year 
at the commencement of the kharif and rabi seasons. Tanymecus 
circumdatus, Wied., is common on plants, a delicate green form with 
longitudinal stripes, and 7. chloroleucus, Wied., is also abundant. uni- 
formly clothed in almost white scales, The genus is a very large one, 
with many species in the plains. Their larvee will probably be found 
in the roots or underground stems of plants. Atmetonychus peregrinus, 
Oliv., is also found, a grey much roughened weevil found on young 
plants (Plate XXVIT, fig. 10) 


Otiorhynchine. Episomus lacerta, F., isa comparatively large erey 


weevil that has been found in numbers on cot 


the bark (Plate XXVII, fig. 6). 


ton plants, feeding on 
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PLATE: XX V1IIJ.—Cvrcutionipa. 
) Wirevite. 


Larva of Arzcerus sp. (Cotton seed weevil.) 
| Papa m4 
Imago i x 6, 
Phytoscaphus triangularis. x 3, 
EKpisomus lacerta. x 2. 
,Apoderus scutellaris. x 4. 
¥ tranquebaricus. x 4. 


Xanthochelus superciliosus. x 2. 
Atmetonychus peregrinus. x 2. 


-Phylaitis sp. (Cotton stem weevil), larva, pupa, imago. 


16, 


Balaninus Bomfordi. x 6, 
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Myllocerus is an important genus ot weevils in India with several 
common species. The commonest is the ‘* White weevil,’ M. macu- 
losus, Desb., described from Cawnpore 
specimens (Ind. Mus. Notes, Vol. IV, p. 
111). This is abundannt everywhere in the 
plains but its life-history is still unknown 
M. setulifer, Desb. (Fig. 262), described in 
the same publication, is found attacking 
flowers and is not strictly a plains species. 
“M. discolor, Boh. (Fig. 261), has been reared 
from grubs found at the roots of cane 
plants, the grub and pupa in the soil, the 
former feeding on the cane roots. The adult 


feeds upon young mango leaves. It may be 
‘ee ast found sometimesin abundance hiding away 
= for the winter under bark or in any sheltered 


Fig. 262.—MYLLOCERUS 2 : fea 
SETULIFER. [I. M. N.] crevices, and 1t emerges agaln in March. WM. 


blandus, Fst., is a small dull grey species 
which feeds upon the young leaves of cane and maize and is very des- 
tructive to young plants (cf. Pachnephorus). 


Eremnine.—Phytoscaphus triangularis, Oliv. (Plate XX VII, fig. 5), 
is a small brown weevil, with lighter markings found commonly feeding 
on leaves. Amblyrrhinus poricollis, Boh., is a similar and smaller insect, 
frequently found feeding upon the small leaves of mango, litchi and 
other fruit trees. 


Hyperine.—Hypera includes two common species found breeding 
upon lucerne (Medicago sativa) and Senji (Melilotus indica). The green 
grub feeds exposed upon the leaf ; a parchment-like cocoon is made on 
any part of the plant and from this the imago emerges. The weevil is 
far more destructive than the grub, eating into the shoots and causing 
them to wither. The species concerned are //. varians, Hbst. (Fig. 261), 
and H. medicaginis, Mshll.; they have an active season in the cold 
weather only, disappearing into hiding in March or April, the weevils 
living over until the next cold weather in concealment. 


Cleonine.- 


Lixus brachyrrhinus, Boh., breeds freely in the cultivated 
Amaranths grown as vegetables, the grubs being found in the stems. The 
LL 25 
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weevils can be found on the plants in the rains. Atactogaster finitimus, 
Fst. (Leucomiqus antennalis, Fst.), is stated to be injurious to cotton 
and gram in South India (Ind. Mus. 
Notes, Vol. IV, p. 112), and is a 
common insect in Madras. 
Xanthochelus superciliosus, Gyth. 
(Plate XXVII, fig. 9), is the large 
grey weevil found feeding abun- 
dantly upon the leaves of ber (Zizy- 
phus jujuba). 
Hylobrince—Paramecops farinosa, 
Wied., is the weevil so commonly 
found on the Ak (Calotropis spp.). 
It is greyish in colour but is covered 


in a white mealy efflorescence. The 
eggs are laid in the rind of the Ak 


fruit, the little grubs boring into 
the soft tissues and feeding on Wir 26 Ais Cedar Es 

the developing fibre and young FINITIMUS. [I. M. N.] 

seeds. The full grown grub reaches 

a length of half an inch, and pupates ina compact cocoon formed of the 
delicate fibre (known in commerce as ‘‘ kapok ’’). Ten days after, 
the adult emerges, and feeds on the leaves of the Ak plant. The 
weevils are very common and widely spread where this plant grows. 


Cyladine.—Cylas formicarius, F.—The best account of this insect 
is found in the Queensland Agricultural Journal for August 1900 (page 
176). Mr. Tryon there QIVeS a thorough account of the species, with a 
complete bibliography. He discussed its origin, a matter still of 
doubt, but as the two first describers, Fabricius and Bohemann, both 
obtained it from India, there is some ground for believing it to be a 
native of South India, spread gradually over the tropics. A short 
account of this insect will be found in ~ 


Jaid on the sweet potato tuber or rootstock, the larve tunnelling into 
the tissues and boring through them : 
the weevil feeds also on or in the tuber. The stages are well 


shown i ate X XV 
a Plate XXVI, and the weevils may be found throughout 
India, being often destructively abundant. 


Indian Insect Pests. Eggs are 


pupation takes place inside and 
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Apionine.—The genus Apion includes a vast number of tiny 
beetles with straight antennze and marked sexual differences, found 
almost over the globe. The colours are black, brown, blue, red or 
metallic. A number of Indian species are known, but the discrimina- 
tion of species is very difficult. Apion gagatinum, Mots., 1s a common 
plains species on grass. A. strobilanthi, Desb., is described from seeds 
of Strobilanthus in Sikkim, an unusual habit for a member of this 
genus (Ind. Mus. Notes, Vol. II, p. 32). Another species lives in 
the stems of jute in India. 


Attelabine.—The genus Apoderus contains the weevils in which 
the head and sometimes the prothorax is drawn out into a long neck 
(Plate XXVII, figs. 7, 8). These weevils 
prepare cases of green leaf; the leaf is cut 
across near the base, the cut reaching from 
each margin to the midrib or crossing the 
midrib from one margin only; the leaf 
is then folded longitudinally, and the tip 
rolled in; an egg is laid and the rolling 
process continued till the leaf, up to the 


cut, forms a compact cylindrical mass, 
consisting of tightly rolled and folded leaf 
er ha tinnee blade, with the egg in the centre ; no silk or 
MAGNIFIED. gum is used and the insect works with legs 
and jaws in folding and packing the leaf ; 
the roll is left adhering to the remainder of the leaf, the egg hatches 
and the grub feeds on the leaf inside the roll. The roll subsequently 
dries and falls off with the pupa inside. We figure the case of 
Apoderus blandus, Schonh., madeon Sissu. Eggs laid on 25th June, 
hatched on the 28th, the larvee pupated by the 30th and weevils emerged 
from the 3rd to the 7th J uly ; the life-history 1s thus a very brief one 
and there are apparently two broods during the rains, the second 
being a hibernation brood in which the larva remains for the winter in 
the case. A. tranquebaricus, Fabr., in South India rolls the leaf of the 
country almond (T'erminalia catappa) and the habit has been observed 
in a number of species in the sub-tropical zone of India. Over 30 
species are known in India, in the genera Apoderus, <Attelabus, and 
Rhynchites, 
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Balanine.—Balaninus Bomfordi, Fst., eats into the unopened buds 
of the banyan tree and feeds on the inside; with their very slender 
curved beaks they make neat punctures and many buds wither. The larve 
are found in the fleshy receptacles of the fig, which they destroy so 
that the fig falls off. We figure this species, which represents the 
group in the plains, and B. C. album, Fabr., found in Eastern 


Bengal (Plate XX VII, fig. 17). 


Cionine.—Cionus hortulanus, Fourc., Var. major isa “cold weather”’ 
species in the plains, breeding only on Celsia coromandeliana ; the shiny 
grubs feed openly on the buds and look like caterpillars ; they pupate 
in a delicate horny cocoon, made of anal secretion, on the plant. There 
are, aS a rule, about three broods yearly in Pusa, from February to 
April, the weevils then seeking shelter. They are usually very abun- 
dant, one of the most noticeable of the cold weather forms. In the 
Himalayas at 7,000 feet this weevil breeds on Celsia from May to 
October. C. albosparsus, Fst., has been found in Bombay and others 
occur in the sub-tropical zone. 


Alcidine.— A sub-family confined to the Old World and mainly 
occurring in the tropics. It consists of Alcides with 242 species recorded 
up to 1906 and Ac@rus with one. The group has been listed by Bovie 
(Genera Insectorum 1907). Of the former 26 species are Indian. 
The species of which anything is known have been reared from larve 
boring in the shoots of plants. Alcides leopardus, Ol. (Fig. 261), is the 
species most commonly found, known throughout the plains: its larva 
bores in the shoots of cotton, destroying them, and pupating in the 
tunnel near the bark. The pupal period is short (4 days) and the weevil 
rests within the tunnel for some days after. 


A. collaris, Pasc., is a larger species, the prothorax red-brown, the 
elytra black with white spots, which is found in sweet-potato fields in 
the plains. 4. fabricii, F., has reddish-brown elytra with cream stripes, 
and a black and cream coloured prothorax ; it has been found in widely 


scattered localities. 4. bubo, F., is the weevil whose larva breeds in 


Agathi (Sesbunia) in South India and is a serious pest. Its eggs are 


5 a 1 V4 "YW ‘ ¢ . . . 
greenish white, flattened and of nearly round outline. laid in holes in 


the stems of the young plants and covered with gelatinous material. 
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The life-history occupies six weeks ; many larve are found in the same 
plant, which dies, and the loss in young plants is extensive. 


Ory ptorhynchine.—Pachyonye quadridens, Chevr., is found breeding 
in the dhak plant (Butea frondosa) in Northern India. Cryptorhynchus 
contains the mango weevils of India, 
of which C. gravis, Fabr., is the com- 
mon form in Kastern Bengal and 
Assam, C. mangifere, F., in South 
India and Ceylon. Both breed in the 
stone of the mango, the eggs being laid 
in the young fruit, the larva on 
maturity eating through the pulp 
and emerging to pupate in the soil. 
There is but one brood yearly of 
the former and the weevils remain 


dormant from July or August to the 
Fig. 265.—CRYPTORHYNCHUS following March—April in concealment 

GRAVIS. é 5 
in the ground and in or on the bark 


of trees. 


Desmidophorus contains several sub-tropical species, D. hebes, Fabr., 
also occurring in Behar, where it is occasionally found in abundance 
on garden Hibiscus. 


Zygopine.—Phenomerus sundevalli, Bch., is a small linear beetle, 
resembling an elongate rice weevil, found in the plains. Metialma 
includes two species, M. scenica, Pasc., and M. balsamine Pasc., the 
latter having been reared from larvee found boring in the stems of 
balsams: the larva tunnels in the soft tissues and pupates ina cocoon 
formed of fibres twisted into an oval shape. 


We figure a Phylaitis (Plate XX VII), common in the stems of mal- 
vaceous plants, which attacks cotton severely and specially tree cottons. 
It was a serious enemy to tree cottons in Behar and is destructive in 
South India, the larvee boring in the stems, forming a thick swelling 
and eventually so weakening the plants that they break off or die. Its 
distribution appears to be a limited one, as it is not a widespread pest 


of cotton. 
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Calandrine.—Rhynchophorus includes the common Palm Weevil of 
India R. ferrugineus, F. (R. signaticollis, Chevr.), which breeds in the 
toddy palm (Phanix sylvestris) and in the cocoanut palm (Cocos nucifera). 
The eggs are laid in the soft tissues at the base of the leaf sheath, at a 
wound or at the cut made by the toddy drawer; the larve tunnel 
through the tissues in all directions and, when mature, make a cocoon 
of twisted fibres. This insect is one of the more important pests of 
India and much has been written of it in Ceylon where it is of still 


greater importance. (Figs. 268, 269.) 


Fig. 267.—CALANDRA ORYZA. x 10. 


Calandra (Sitophilus) is a genus of 
two species of world-wide occurrence. 
C. granaria, L., is of a uniform deep 
redbrown colour, the prothorax with 
oblong punctures: the metathoracic 
episternum is very narrow with a 
Single row of punctures. It is wingless. 


Wie. Sh Ueto Sa C. oryze, Linn., has two fulvous 
x 10. patches on each elytron, the punctures 

on the prothorax are rounded and 

closer together, the metathoracic episternum is wider and has two 
rows of punctures. It is winged, the weevils flying readily. The 


latter is the common Indian species, of which much has been written, 
but little is known. 


Odoiporus glabricollis, Gyll., is the common weevil whose larva 
Peeds ' . ay : 

breeds an the stems of the plantain (Musa sapientum\. The black 

weevil is to be found on or in the plant and is quite common. (Fig. 260.) 


h é : es ~ . . = 
| Po ytus mellerborgii, Bh., is a tiny dark coloured weevil found breed- 
ing In decaying plantain stems. 
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Oercidocerus bimaculatus, Boh., 1s a black species in which the antenne 


have a very expanded truncate club ; 1t is found rarely in tropical India. 


Fig. 268..—RHYNCHOPHORUS FERRUGINEUS 
LARVA. 


This family also includes the 
large forms such as Cyrtotrache- 
lus dur, Boh., & C. longipes 
found in sub-tropical India, 
which are the most striking 
Curculionids of the Indian 
faunas ln they latter ~ the 
male has very long forelegs ; 
they teed. on the." juice® of 
bamboo shoots and the eggs 
are also laid there, the larvee 
tunnelling in the shoots and 


making the usual fibrous cocoon of this group. 


Fig. 269.—RHYNCHOPHORUS FERRUGINEUS, |I. M. N.| 


Collecting.—Weevils are simply collected on their foodplants and. re- 


quire no special methods. ‘The rarer species are obtained by “ beating”’ 
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bushes, and it is advisable to remember that they often sham dead 
and fall to the ground when the plant is shaken. Larve are to be 
found in every possible part of the plant and practice enables the col- 
lector to discern swollen twigs or branches in which lJarvee are found. 
They are not difficult to rear and almost any part of a plant is worth 
investigating for weevil grubs. The rarer species are obtained in this 
way and there is no better collecting method than to search systema- 
tically among wild plants. Benzene is the best killing agent and the 
weevils keep well until required to be set. 


BRENTHID 2&. 


Antenne straight, nine or eleven-jointed. A horizontal rostrum, 
usually long. Tarsi pilose below. Body elongate. 


A family closely allied to the Curculionids but usually of more 
elongate and linear form. They are usually bare, shining, of dull 
browns and ferruginous tints. The 
males in some cases have large curved 
mandibles or expanded and toothed 
fore femur and tibia. The habits of 
but few are known and none of these 
appear to be Indian. In general, they 
are wood-boring or found in decaying 
wood. They are chiefly tropical and 
well represented in the forests of the 
Kast. There are two sub-divisions : 


Antenne eleven-jointed. Brenthine. 

5: nine Ulocerine. 
There are about twenty recorded 
Indian species, but the family has been 
greatly neglected. Several species 
are common in the plains, in some 
of which there appears to be a consi- 
derable amount of sexual differentia- 


tion In respect of the head and rostrum. The family is listed by 
a OY . ! o © 
Von Schonfeldt in Genera Insectorum (1908), who enumerates 


10 species from India exclusive of Burmah and Ceylon, the small 


Fig. 270.--ORYCHODES SP. x 4. 
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number of species recorded being apparently due to errors of geog- 
raphy in the earliest describers of species. 


Calodromus Mellyx Guer., Callipareius foveatus Senna, Cerobates 
canaliculatus Mo., Symmorphocerus cardoni Senna, Prophthalmus 
delesserti Pow., P. obscurus Pow., P. potens Lac., Baryrhynchus miles 
Boh., Eupsalis truncatus Boh., Orychodes pusillus Oliv., are the known 
Indian species. 


SCOLYTIDA. 
Rostrum short or absent. Antenne short, elbowed, clubbed. Tarsi 
apparently four-jointed, filiform, third joint entire or 
bilobed, not elongated. 


A family closely allied to some of the Curculionide in structure 
but distinct in the almost total absence of the rostrum and in their 


Fig. 271.—XYLEBORUS FORNICATUS [I. M. N.]. 


habits. Most are elongated and cylindrical, of small size and of the 
dull brown or black colour common to beetles which live in darkness. 
The antenne are short, sometimes with twelve joints (funicle 1, scape 7 


club, 4), sometimes with as few as three. (Fig. 193.) 
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Owing to their peculiar habits a great deal has been learnt of these 
insects since they are of extreme importance in forestry. Nearly all 
are borers in woody tissues, but few living in green tissues (the Sco- 
lytid that bores in the shoots of the common plant Vinca rosea, in the 
Western Hemisphere does not seem to occur in India though the plant 
does). Owing to the destruction they cause in forestry, the group has 
been extremely carefully studied elsewhere and the student will find 
full details in works on the forest insects of America and Europe. 
Their peculiar habits, especially in regard to sex, some being  poly- 
gamous, some monogamous, the extreme ingenuity of their system of 
tunnelling and the fact that in some their food consists not of wood but 
of the fruiting bodies of certain fungi, which they themselves (hence 
called ambrosia beetles) cultivate with care, makes them a group of 
especial interest. They are, however, practically wholly forest insects, 
and occur almost entirely in the sub-tropical hill forest areas of India. 
No species are of agricultural importance, and the typical wood and 
bamboo borers of the plains are Bostrichide and not Scolytide. 


The family include monogamous species and species which are 
polygamous ; in the first, the female prepares a bore, then goes out 
and returns with a mate and subsequently makes tunnels at right angles 
to her original bore ; each tunnel contains an egg and the male remains 
in the original tunnel. Such tunnels may be in one plane. since there 
is only one branching, and they may be contained in the bark only. In 
polygamous species, the male makes the first burrow, the females 
gathering in it and each making a tunnel from it ; from these they make 
other tunnels, in each of which eggs are laid. Of these tunnels, some 
must be horizontal and some vertical and they extend into the wood since 
the narrow bark will not accommodate them. Thus in the first case, 
the borings are simple, only a coupling burrow (made by the female) 
and larval burrows at right angles (the larvee on becoming beetles bur- 
rowing straight out to the bark) ; in the second, they are complex and 
consist of the coupling tunnel, the mother tunnels at right angles each 
made by one female, and at right angles in another plane the egg- 
tunnels; the system become go complex that air holes may be made 
to the bark by the mothers. In the different species the tunnels vary 
and the individual kinds are too complex to be noticed here. 
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The life-histories of many species are known and something is known 
of Indian species. Works on forest insects must be consulted for 
details. The chapter on Scolytide in Gillander’s ‘* Forest Entomo- 
logy ’’ (1908) should be consulted as giving an excellent resumé of the 
family. Over 50 ‘Indian’ species have been described by Motschulsky, 
Blandford, Kichhoff and others. 


The family is divided into two according to the tarsi :— 


First tarsal joint shorter than the remainder together .. Scolytinae. 
First tarsal joint =- the remainder of .. Platypine. 


The Scolytine are divided into three sub-families, Scolytini, Hyle- 
sini, Tomicine ; all are represented in Indian forests. We may mention 
Xyleborus perforans, Woll., reported some years ago as attacking beer 
casks in India and which is known to live in sugar-cane in the West 
Indies, where it however attacks only diseased cane. The mother 
beetle makes a tunnel in which she lays eggs, the larve feeding 
on fungus hyphe in the cane and not boring themselves. (See Bland- 
ford, Kew Bulletin, September, 1890, April, 1892.) X. fornicatus, Eichh., 
attacks tea in Ceylon (Indian Museum Notes, III, 57), and Assam ; its 
presence is associated with a fungus and there is reason to believe it is 
also an ‘‘ 
and for that of its larve. Of the Platypine, Platydactyclus (Kecotop- 
terus) serspinosus, Motsch., was reported as burrowing in the stalk of 
rice in Burmah. This observation has not been confirmed. The 
species is described by Blandford in Indian Museum Notes (III, p. 64). 
Platypus pilifrons, Chap., and P. sordidus, Wik., occurin the plains. The 
Platypine are in some cases known to be ambrosia beetles. 


ambrosia ’’ beetle, cultivating the fungus for its own food 


STYLOPIDA. 


These aberrant Coleoptera are of uncertain position. We are not 
aware that any are definitely recorded, but Horne, in his notes on 
the habits of Indian Aculeate Hymenoptera. states that many females 
of Polistes hebreus contain Stylops in the second abdominal seg- 
ment It is recorded that the genus Polvstes is the host of Xenos, a 
genus in which the female is wingless and larviform, the male winged 


and active ; that Xenos occurs in Polistes hebreus in India has been 
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ascertained recently, the male wasp showing the pupal cocoon project- 
ing from its abdomen, as a brown body which on dissection proved to 
contain a dead male of Xenos. The hibernating females are also in- 
fested and in March, the female Xenos, in the body, yields abundant 
small active larve which apparently pass from the queens to their 
young in the new nests. The first brood of wasps is thus infected and 
from them males have been reared. ‘The female is a mere egg-pro- 
ducing sac which lives always in the wasp and is fertilised there by 
the male, which is winged. Infection occurring thus in the nest, 
there is apparently a constant succession of broods ; some wasps con- 
tain as many as three Xenos, which in their mature or pupal condition 
are readily visible as brown bodies attached at the junction of two 
abdominal segments, This Xenos appears to be a marked check on 
Polistes hebreus, a large percentage being infested in some cases. 


Fig, 272.—MALE OF XENOS FROM POLISTES 
HEBRAUS. x 12, 


PLATE XXVILI.—Carerrripars. 


1. Junonia orithyia. (Nymphalide), 
) 
; \ Chlorides obsoleta (Noctuide). 
: Catephia inquieta (Noctuidae), 
5. ; 
6, Sphingid. | 
7. Glyphodes psittacalis (Pyralide). 
8. Porthesia xanthorhoea (Lymantriide). 
9. Bombyx mori, 2nd instar (Bombycide). 
10. Setomorpha tineoides (‘Tineide). 
e Cryptophlebia carpophaga (Tortricide), 
13. Plusia agramma. (Noctuide). 
14. Belippa laleana. (Limacodidz). 
15, Bombyx mori, full grown (Bombycide), 


| ‘ “dior aan a hs 
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LEPIDOPTERA. 
(Butterflles and Moths.) 


Two pairs of large wings, of nearly equal size; the body and wings densely 
clothed in hairs and scales, Antennae of varied form, usually simple. 
with a varying arrangement of cilia, never serrate or lamellate or 
bristle-shaped. Mandibies absent (except Micropterygidae). mouth. 
parts in the form of a tubular proboscis and palpi 


Metamorphosis complete, the larva with short biting mouthparts, with 
two to five pairs of suckerfeet, adapted to living openly on plants or, 
more rareiy, in them. The imago obtains its food from flowers or 
plant sap, the larva is herbivorous on or in plants, very rarely pre- 
daceous. In a large number the imaginal life is brief and no food is 
taken; in others it is longer; in all, the larval life is comparatively 
long and active. 


Lepidoptera are recognisable readily in practically all stages and 
the characters are sufficiently distinct. They include insects of small 
size as well as insects with an enormous wing span, though of no 
great weight. The immense weight of chitin which characterises 
the giants among the beetles is here replaced by an extensive wing 
area, so large that some of the largest moths measure as much as 
eight to twelve inches across the wings. 


There is a far greater uniformity of structure, facies and appearance 
in this order than in any other and, except in cases where members of 
other orders are deliberately mimicked, there can be no doubt as to the 
immediate recognition in the field of a butterfly or moth both in the lar- 
val, pupal and imaginal stage. Eggs are of three main types, the upright 
domeshaped butterfly egg, the rounded moth egg, the flat scale-lke egg 
of the Microlepidopteron, the first two being often sculptured, the last 
reticulate. Larve are of one type, with a distinct head, with three 
pairs of legs and from two to five pairs of suckerfeet, with a chitinous 
plate behind the head, with a number of chitinous tubercles on 


each segment, which bear hairs. It is impossible to give characters by 
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which one may recognise every form of larva, but it will assist if we 
mention some of the more prominent. Caterpillars with rows of spiny 
processes (Plate XXVIII, fig. 1) are Nymphalide ; rather flattened 
“ gnisciform ” larvee, densely clothed in short hair are Lycemde (Plate 
XXXII), smooth caterpillars with a distinct neck are Hespervida (Plate 
XXXIII), smooth caterpillars with smooth processes on the head or body 
are Papilionid@ ; uniformly hairy caterpillars are Arctiid@ or Hupterotida, 
smooth caterpillars with few short hairs are Noctuid@ (Plate XXVITI, 
figs. 2—5); semi-loopers are also of this family (Plate XXVIII, fig. 13), 
whilst true loopers with two pairs of suckerfeet are Geometridae ; large 
caterpillars with an anal horn or a bulbous prothorax (Plate XXVIII, 
“fig. 6) are Sphingide ; hairy caterpillars with erect tufts are 
Lymantriid@ (Plate XXVIII, fig. 8), with lateral tufts are Lasiocampide 
(Plate XLVI). Caterpillars, smooth or spiny, in which the lower 
surface is a gliding surface are Limacodide (Plate XXVIII, fig. 10). 
Smaller caterpillars with few short hairs and hooks on the suckerfeet in 
a circle are Pyralide (Plate XXVIII, fig. 7), Tineid@ (Plate XXVIII, 
fig. 10) or Tortricide (Plate XXVIII, figs. 11, 12). Large caterpillars 
with hair-bearing processes are Saturnnde@ (Plate XLII). Figures of 
all these types are given below, anda glance through the figures will 
show that there are distinct types but that they do not clearly delimit 
the families as other characters do, and vary very greatly in the limits 
of a large family like Noctuid@ in accordance with habits. 


The pupa is brown, the appendages usually firmly fastened to the 
body and not free, the parts not movable with the exception of some of 
the abdominal segments ; an important character is the nature of the 
hooks at the apex of the abdomen which secure the pupa in the cocoon 
and enable the moth to emerge. Resistance to weather is the object of 
the Lepidopterous pupa and it is of a firmly chitinised and well protected 
kind. Asa rule, a cocoon of silk, alone or with extraneous matter, or of 
agglutinated soil, is formed before pupation. 


There are three devices in the imago for locking the wings, both pairs 
being functional in flight. (1) The frenulum, a stiff bristle or group of 
hairs on the base of the anterior margin of the hind wing which engage 
in a catch or group of bristles (retonaculum) on the lower surface of the 
forewing ; this is found in most Lepidoptera. (2) Expanded basal area 


of anterior edge of hindwing; found in Rhopalocera ; Lasiocampide, 
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Pterothrysanide, Endromide, Chrysopolonide, Arbelida, Perophorid a, 
Ratardide, etc. (3) The Jugum, a membranous or spine-like process from 
the base of the hind edge of the forewing, passing under the hindwing 
and holding it between the jugum and forewing; found in Hepialida and 


Micropterygid e. 


CLASSIFICATION.—It is unfortunate that no uniform system of classi- 
fication has yet been universally adopted which can be readily followed 
in all systematic works and text books. For the Indian student, it is 
necessary to remark that we-are unable to follow the classification 
and order of the Moth Volumes of the Fauna of India, since the author 
is now producing a revised classification which must sooner or later be 
adopted in the Fauna of India Volumes. For the present time, it would 
be more convenient to follow the Fauna; a year hence the later classifi- 
cation may have replaced it and, in this dilemma, we have followed the 
order of the new classification. (Hampson, Catalogue of Lepidoptera 
Phalene, Vol. 1.) This is also confusing as it is not the order followed 
in Sharp’s Insects; but we have tried to reduce the inconvenience by 
listing the new order with page references to the Fauna of India Volumes. 
It is, however, desirable to retain the old division of Butterflies and 
Moths and we have done so. (In the list, families named in italics are 


not known in India.) 


No. Yol. No. Vol. 

1. Syntomide. 10 I, p. 209. 18. Psychite. 12 I, p. 289. 
2. Arctiide. ote OLE 1, 19. Heterogynide. 
3. Agaristide. 25 ~=sid'I,, p. 148. 20. Arbelide. 14 L,p. 3l4. 
4, Noctuids. Geax EL, elo: 21. Argyrotypide. 
5, Pterothysanide. 21 I, p. 430. 22. Ratardide. I, p. 493. 
6, Lymantriide. 22 I, p. 432. 23, Cosside. 13° Tp. 804. 
7. Hypside 23 I, p. 495. 24. Lasiocampidex. 20 I, p, 402. 
8. Sphingide. 5 L,- pe 65. 25. Endromida. 
9, Cymatophoride. 7 Ey Pahit: 26. Chrysopolomide. 
10, Eupterotide. 4 I,p. 41. 27. Perophoride. 
11. Notodontidex. 6 I, p. 124. 28. Megalopygide. 
12. Geometride. 30 “III, p. 138. 29. Limacodide. 19 Lp, 071. 
13. Saturniide. I Ty ps7 92, 30. Dalceride. 
14. Bombycide. 3 L,. py. ah; 31. Neocastniidie. 12a. 1V,.p. 471. 
15. Brahmeide. 2 by th 28: 32. Castniidu. 
16. Ceratocampidwy. 33. Nymphalide. Butter- 

flies, I, 
17, Uraniide. 27-28-20 TIT, p. 107-137. | 34. Satyride. Hs if 
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. Pieridie. 


. Lycenide, 

. Ericinide. 

. Papilionidee. 
39. Hesperiidie. 

. Buschemonide. 
. Zygenide. 

. Callidulide. 

. Drepanide. 
We give the diagnosis of each family in terms of the venation as in 
Hampson ; but it is not possible, unless one already knows the venation 
well, to simply use this diagnosis ; to the systematist familar with the terms 
used, the diagnosis is useful for reference ; to the general student nothing 
but careful study with the Fauna and Catalogue of Lepidoptera 
Phalene will make this diagnosis of any use and we refer the worker who 


For this reason also 
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No. Vol. 
Butter- 
flies. LI. 
ron WR GB 
heat 
Bs II 
[il 


. Thyridide. 

. Pyralide. 

. Orneodide. 

. Pterophoride. 
. Sesiide. 

. Tortricidae. 

. Tineide. 

. Hepialide. 

. Micropteryida. 


wishes to identify specimens to these volumes. 


we give no explanation of the venation or terms, since the whole art of 
using them depends on a knowledge of the interpretation put on them by 
systematists, which is quite different from that of ordinary people. 


Fig. 273.—VENATION OF COSSID FOREWING 
HEPIALID HINDWING., 
(After Hampson.) 


Fig. 274.—VENATION OF LEPIDOPTERA. 


lV)». “2 
8 1,°p.- AB? 
15 I, p. 316 


(After Hampson. ) 
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RHOPALOCERA.— Butterflies 


Day flying insects, the antennae knobbed at the tip. No frenulum, 
the costal nervure arched at the base. 


The butterflies are familiar to everyone from their large size, their 
bright colours, their sunshine-loving habits. Whilst most are clearly 
distinct from the moths, these distinctions are not easily defined, and the 
fundamental distinction lies in the wings. In Rhopalocera, the hindwing 
has a projecting shoulder at the base, which fits under the forewing, thereby 
securing the rigidity of both wings together. This fact can be 
expressed by saying that the costal nervure is arched, as it is to support this 
shoulder. In Heterocera, the wings are held together by the frenulum, 
a bristle or tuft which projects forward from the hindwing and fits into 
a pocket on the under surface of the forewing, or the jugum, a projection 
from the posterior edge of the forewing. The costal vein is not arched 
and moths are said to be frenulate or jugate. The distinction between 
moths and butterflies is a useful one but hardly an accurate one and 
there is little need to discuss its value. 


The butterflies are eminently a group that love the densely forested 
hills where vegetation 1s abundant and varied, where rain falls abundantly, 
producing a continual greenness. Few are found in the dry cultivated 
plains, where foodplants are scarce, where there are long periods of drought 
and little shelter. Those that are of wide distribution are grass-feeding 
species, species that have widely scattered foodplants among the wild 
shrubs or flowering plants, or which feed on a cultivated plant. The 
ideal place for butterflies is the lower slopes of the hills well clothed with 
forest, with a sub-tropical climate and an elevation not over three to 
four thousand feet. Here butterflies attain their greatest development 
and few places are richer than such localities in India. Fortunately 
these insects may be omitted in this place. Our concern is only with 
the few very common ones likely to be found generally distributed 
over the plains and which are abundant in the bare cultivated areas. 


Almost all butterflies have a similar life-history. The eggs are laid 
on the foodplant, singly or in clusters. The larve have five pairs of 
suckerfeet. and feed openly on the leaf on plant tissue. Pupation takes 
place on the plant, openly, with no cocoon. ‘The eggs are rounded, up- 
right, with the micropyle at the top asin the greater number of the moths. 
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They are laid singly as a rule, a few (¢.9., Delias eucharis) laying them in 
rows. The egg hatches, the larva eats the ege shell and commences to 
feed on the living plant tissue. Most are solitary, a few (Pierids) grega- 
rious. Nearly all have the usual cylindrical form, tapering a little at head 
and tail: some are fusi-form, short, robustly built and unlike a caterpil- 
lar (Lycenida) ; others have a conspicuous neck (Hespervid@) and in 
some the head is noticeably small (Pieride). The body is clothed 
with erect spiny processes in many, in others with long procumbent 
appendages, or with long processes on head or anal segment. 


When full-fed the larva pupates openly on the plant ; it may simply 
hang by the tail (Nymphalide), or be fixed by the tail with a thread 
round it; in the latter case, it may be horizontal or with the head upwards 
(Lycanide), or hang freely in the loop, head upwards (Prerrd@ and 
Papilionide). Finally it may be free in leaves rolled or drawn together 


(Hesperiidae). 


The length of the life-history varies and the number of broods in the 
year differs with the species ; these insects are dependent for their season 
on their foodplant and the caterpillar is found when the young shoots are 
put out or when the young leaves are available. For most this period 
covers the latter half of the rains and two months after, but many breed 
also in the early hot weather, which is the spring for many plants. Two 
to three broods a year is the most usual and the imagos live for long 
periods before they are able to lay eggs. Hibernation takes place in every 
stage even the egg and, in the plains, many hibernate as imagos. The 
relative length of the stages varies according to the stage in which hiber- 
nation or astivation is passed, either of the four being prolonged. The 
imago as a rule is longlived and feeds upon the nectar of flowers. 


In the plains, butterflies are found practically all the year and most 
are two brooded ; there is a brood in July-August, produced by the eggs 
laid in June and a later brood from the butterflies that emerge in August. 
This latter hibernates and may live through the hot weather if its food- 
plant be not available. The student must bear in mind that this does 
not apply to all the plains species, nor to the group as a whole; some 
plains species breed freely in March-May if their foodplant be available, 
as, for instance, those on irrigated crops or fruit trees; nor does this apply 
to the abundant hill and forest species; though much is written about 
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these, we are not aware that any author has yet dealt with this point fully 
for any family of butterflies in India. 


The butterflies are extremely well known, and far more is written 
about them than other insects in India. Their life-histories have been 
worked out to a far larger extent than have those of other families and a 
great mass of information exists about this group. Bingham’s volumes 
in the Fauna enable every species to be identified and fix the nomen- 
clature, we trust, for many years. De Niceville and Marshalls’ Indian 
butterflies gives an account of the species of the Indian region, and it is 
necessary only to deal here with the species common in the plains; the 
student will find ample details in the above volumes. For Preride and 
Papilionde, the second volume of Butterflies in the Fauna should be 
used or the many papers published in India. A synopsis of the Hesperuda@ 
has been recently published in Genera Insectorum, but Elwes and Watson’s 
papers and those of Doherty must be consulted. The pages of the Jour- 
nal of the Bombay Natural History Society contain abundant informa- 
tion and most readable articles; the descriptions of caterpillars by Bell, 
Davidson, Aitken, and de Nicéville are of extreme value. For descrip- 
tions as for all identification and synonymy, the volumes of the Fauna 
of India by Bingham are taken as the latest authority and these are indis- 
pensable to students of this sub-order, who wish to be able to identity 
their specimens. The student should consult also the late Mr. L. C. H. 
Young’s papers on the common butterflies of India in the Bombay 
Journal for 1906-7, the beautiful plates of which will enable him to 
identify the plains species of Nymphalidw ; these are being continued by 
Mr. T. R. Bell. 


For the recognition of our few species, it is unnecessary to discuss 
the fundamental structural details that underlie the family distinctions. 
There are six families of which one (Nemeobiide, Lemonuda, Erycimda) 
we may omit. 

The Nymphalide have the forelegs reduced in both sexes and not 
used for walking. They include the majority of the butterflies. The 
Lycenide, Blues and Hairstreaks, are small insects, the male tarsus of 
only one joint, long. The Pieride, Whites and Sulphurs, have all the legs 
similar, the claws bifid or toothed. The Papilionide, Swallow Tails, 
are the large butterflies and are distinguished by having all the legs well 


developed with large simple] claws. The Hesperiidw, Skippers, are 
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smaller, the antenne hooked rather than knobbed, the body robust. 


the flight quick. 

Students of Indian Insects who may have made collections in this 
sub-order will perhaps be surprised that so few species are mentioned ; 
we may remind them that we have attempted to deal with every family 
in due proportion and were we to discuss each family in proportion 
to what is known of them, then the section on this sub-order would be a 
very large one. The species mentioned are literally those common in 
the cultivated plains of India and a student who knows the little there 
is here knows as much, relatively, of these insects as is necessary to him. 


Collecting —The common species mentioned below are often obtain- 
able best as caterpillars on their foodplants; perfect specimens can then 
be reared and properly set. As with moths, specimens caught on tour 
can be put up in triangular papers and packed in boxes. Relaxing and 
setting requires care and is best deferred till a number can be properly 
relaxed and set at one time. A little Acetic acid should be put in 
the relaxing box to avoid discolouration. As with all caterpillars, 
‘blowing ’ is the best process for preservation. Except in Lycenide 
there is little to be done in the plains compared’ with other groups and 
we would recommend no one to devote time to this group, beyond 
rearing and becoming familiar with the common forms. 


NYMPHALIDA. 


Forelegs reduced, the male with one, the female with five tarsal joints 
without claw. Pupa suspended from the tail. Larva usually with 
spiny processes on head and tail or on each segment. 


There is a characteristic facies in the species of each family except 
this, which renders the identification of this family easy in the field, any 
butterfly not evidently one of the latter groups, falling probably 
into this one.; in the few instances when this fails, the legs must be 
examined. anpnatide are usually large butterflies of bright colouring 
with distinctly sunshine-loving habits i in all but one subfamily, the 
Satyrine. Many have warning colouring associated with unpleasant 
taste and there is good reason to believe that birds and insectivorous 
animals will refuse these ; others deliberately mimic these, and thereby 
escape the fate that thas edibleness should bring on them; a few 
have distinctly Deceptive Colouring (page 90), while the colours of a 
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number bear no obvious interpretation in our eyes but may have a 
protective value; it is perhaps unnecessary always to seek out the 


Fig, 275.—_DANAIS LIMNIACE. 


value of the colour scheme in insects and it would be nice to think 
that butterflies are simply beautiful to be beautiful ; it is, however, at 
the least likely that with beauty is combined some measure of 
practical use, and we may not unreasonably believe that the diverse 
colouring of most Nymphalids blends generally with the light and 
shade of a mass of vegetation particularly when they are regarded from 
the birds’ elevation and not from our level on the ground. Thaxter’s 
article in Transactions of the Entomological Society, 1903, p. 553, 
is worth perusal in this connection. Many butterflies of this family 
exhibit what has been called “ bird-misleading colouration,” the large 
distinct colour-marks on the wings diverting the bird’s aim for the head 
or body and so enabling the pursued to escape with only a bit taken 
out of its wing. 


The life-history so far as known is in general the same throughout 
the group. Eggs are laid singly on the foodplant, the larva that 
hatches feeding on the green tissues of the foodplant. While there 
is no definite means of identifying a Nymphalid larva in every case, the 
majority are of cylindrical form, with a distinct head, the body provided 
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with processes which are usually branched. The pupa is suspended 
from the hind end without a girdle. The number of broods varies but 


is usually two, rarely four or more. The 
remarks under the sub-order apply to this 
family. Very few are pests; Melanitis ismene 
Cram. on rice, Hrgolis merione on castor, 
and very rarely Junonia almana in swarms 
of other caterpillars are the only ones 
known. Like other Lepidoptera, these suffer 
from the attacks of parasites, both Hymenop- = 4—— dl 
terous and Dipterous, and the principal ne pile hina: oes 


check on their increase, next to food 
supply, is this factor. It is difficult to rear any species without getting 
parasites, 


The family is divided into six sub-families, which need not be noticed 
here as so few of the many species come within the limits of our fauna. 
The student will find fuller details in PES s volume of the fauna of 
India or de Nicéville’s volumes. 


Danaine. Danais is perhaps the most common genus, with three 
species found throughout the plains in suitable localities. Like Huplea, 
the male has two protrusible brushes of hair at the apex of the abdomen 
and a pouch on the hind wing, connected with the production of scent. 


Danais plexippus, Linn., is discussed by de Nicéville as D. genutia, 
Cram. The butterfly is figured there; it is orange-brown, with black mar- 


a: > i 

Fig. 277.—DaNAIS PLEXIPPUS FULLGROWN LARVA. 

o ‘4 

es containing white spots, the veins heavily marked with black. Its 
arva is black, each segment with streaks and spots of white and yellow, 


and there are three pairs of black processes, on the meta-thorax, third 


~~ 
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abdominal and ninth abdominal segments. Wild Asclepiads are its 
food and the pupa is suspended as is usual in the group. The pupa 1s 
green with metallic silvery and golden spots. 


Danais chrysippus, Linn., is similar the veins not marked with black ; 
its larva is grey with five black and a yellow band on each segment 
and a_ yellow lateral stripe ; 
there are three pairs of pro- 
cesses, of which the pair on the 
meta-thorax are the longer ; 
the chrysalis is light-green or 
pink, with golden spots on the 
anterior (lower) end, and a 
golden _ black-bordered line 
round the posterior (upper) 
end; the foodplant is the 
common Ak (Calotropis spp). De Nicéville and Marshall speak of 
this as ‘““the commonest and most widely spread of all the Indian 
butterflies.” In the plains it is common throughout the year, abundant 


especially in November. 


* 


Fig. 278.—DANAIS LIMNIACE PUP. 


Danais limniace, Cram., is black with very faintly blue markings 
as shown in fig. 275. Itis likely to be confused with D. septentrionis , 


Fig. 279.—KEUPLd@a CORE. 
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Butl., in which the markings are smaller and bluer. Its larva, which 
has but two pairs of processes, is yellow-white with transverse black 
bars and a yellow lateral line; the pupa (fig. 278) 1s green with golden 
spots at the anterior end, and a serrate metallic band at the posterior 
end. It also feeds on Calotropis and Bell found it on Dregea volubilis. 
Like the last it is common throughout India and, with it, one of the 
commonest insects met with in Indian gardens. Hwplea is represented 
by several species, but one of which is sufficiently widespread to 
deserve mention here. #. core, Cram., is dark brown, paler towards 
the outer margin with a double series of white spots in this paler area. 
The caterpillar is described as lilac above, deep brown below, with 
transverse black bands to each segment; there are four pairs of 
processes, an anteriorly directed pair on the mesothorax, and others 
on the metathorax, third and ninth abdominal segments. The food- 
plants are said to be Oleander, Ficus bengalensis, Ficus glomerata and 
Cryptolepis pauciflora. The distribution in India is given as “ suitable 
localities throughout the continent.” The male of. this species, if 
captured living, will protrude the anal brushes, tufts of buff hair on 


conical fleshy processes, a pleasant aromatic odour being diffused from 
them. 


Satyrine are regarded by Hampson as a distinct family, the base of 
vein 12 of the forewing being dilated ; they include the dusky butterflies 
found under trees which have that curious flitting flight and the habit 
of suddenly settling with closed wings and turning to an angle with the per- 
pendicular, suggesting a blowing leaf. Mr. Green has remarked of one 
that it turned at an angle so as not to throw a shadow. They are 


characteristic insects and in their habits clearly distinct from the sunshine- 
loving Danaine. 


Mycalesis includes the common M. perseus, Fabr., which is taken 
to include M. blasius, Fabr., the former being the dry-season form, the 
latter the wet-season form. The butterfly is a deep brown, with one 
distinct and one indistinct ocellus above and with seven ocelli on the hind- 
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w ng and two to four on the forewing below, these ocelli being scarcely 
visible in the dry-season form, in which th 
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PLATE XXIX.—Menanitis IsmMenes. 
Tue Rice Bourrerrty. 


Eggs, as laid on leaf, 

Single egg, magnified. 

Young larva. 

Full-grown larva, in the day resting attitude. 
Larva about to pupate, } 

Pupa. 


Empty pupa case. 


| Imago. 
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hindwing distinguishes it from the nearest ally, M@. mineus, Linn., the 
former having the posterior three only in line, the latter the posterior four. 
The species is widely distributed in India in the plains in suitable localities 
and is found almost throughout the year. The larve are described by 
Davidson and Aitken, feeding on grasses and also on rice. Betham 
records the attraction mohwa refuse and jaggery have for these, as for 
other butterflies, in India; the attraction presumably lies chiefly in the 
spirituous matter left in the refuse, just as the rum is the attraction in the 
entomologists “ sugaring”’ mixture. We figure the curious pupa and 
imago of Orsotriceena meda, F., found on rice in the very moist areas of 


India. 


— 


Fig. 280.—ORSOTRI@NA MEDA, 
pupa. [F. M. H.] Fig. 281.—ORSOTRIGENA MEDA. [F.M, H.] 


Lethe europa, Fabr., is the large dark brown butterfly common in the 
plains of North India ; the upperside in the male has two white spots 
on the forewing, in the female has a broad white oblique band ; in both 
sexes there is a series of black ocelli on the lower surface of the wings 
towards the margin, with light lines on the inner and outer margins. The 
larva and pupa are described by Davidson and Aitken; the former is 
green with a single short horn on the head and feeds on dwarf bamboo 
Journ., Bombay N. H. Soc. V, p. 350). 


Y pthima contains one widespread species (Y. hiibneri, Kby.) out of the 
22, known as Indian, as well as two which occur in the plains, 1. baldus, 


Fabr., and Y. inica, Hew. They are smaller dusky butterflies with 
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ee oh ommon only in the 
yellow ringed ocelli on the wings, and appear to be comm y 


moister parts of the continent. The larva of hiibneri is described by 
de Nicéville as green, about one inch long, with two divergent processes 


from the anal segment pointing backwards. It feeds on grasses. 


Melanitis ismene, Cram., which is taken to include M. leda, is the large 
deep brown butterfly so common round the trunks of trees ; two or more 
are commonly to be seen flying round the trunks of large shady trees, 
their dusky colouring and quick settling making them difficult to see. 
The upper surface is uniformly coloured in brown, with two large black 
spots near the apex of the forewing containing each a white spot and 
some ferruginous marking. The under surface is extremely variable, 
marked in tints of brown, yellow and ferruginous and, especially in the 
dry-season form, alike in almost no two specimens. The resemblance 
to a dry leaf is extraordinarily close, and the resting attitude, with the 
wings folded, the body rigid so as to incline the wings at an angle to the 
ground, bears out this appearance. The larva feeds on rice and grasses, 
being green, rough and wrinkled, with two processes on the head and two | 
on the terminal segment ; by day it clings closely to the leaf of the rice, 
and is extremely difficult to find ; it feeds at night. The butterfly appears 
to be common throughout the plains and is found through the cold wea- 
ther, there being, as a rule, two broods in the year, the butterflies of the 
second living till the following rains. (Plate XXIX.) 


The Morphine, also known as Amathusiine, are large butterflies 
often of great beauty, found wholly in the moist hill forest areas of the 
Himalayas, Assam, South India and Burmah. Not one species comes 
within our plains fauna. The group is a small one, intermediate 
between Satyrine and Nymphaline, with 11 Indian genera. Stichel has 
recently listed the known species in “ Genera Insectorum.” 


Nymphaline.—The largest of the sub-tamilies, with the greater num- 
ber of the plains species. They are typically butterflies found flying in 
the sunshine, settling with the wings open and usually of bright colour. 


The larve are cylindrical and usually provided with processes or spines. 


Charazxes is represented outside the hills by C. fabius, Fabr., a large 
black butterfly with a series of yellow spots forming a band across both 
wings, with a series of smaller yellow spots near the margin, and with the 
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PLATE XXX.f Evuruaria Garupa. 
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, on leaf of mango, 
Pupa. 
Imago. Wings shown from below on the right, 


OP ene 


/ 7 s 
, 
i a 
. 
4 
’ 
i 
a -, 
= 
“) 
¥e 
a 
‘ 
ably FI i 
¥. > 
a 
r 
, 4 a bay 
4 7? / eH fa 
a i ‘ 
i's ee ) 1p be ELAR ee 
: 2535) 
A ky 7 Ui oe 
- i « 
’ ’ un j > Wey is 
“ah - wits 
4 (* 2 *) re . 
a ‘oa f A sf Rae : 
le | , , * ets an 
Levy oe ' ; : : ie A ee 
oy Pe. } tT ee Poe Th : 
: is i" > | (2 ‘pt nh! A 
Ack 5 ux ‘ ie £ ; 
Mf ; ‘ " ee 
= aa 
4 rs , ie 
7 i x - 
: see a and 
~ ' —— = 
y : ee i (La by 
- a 
= Li - 
. 
aes 
: = Vai oe 
os ‘ 7 "4 yl 
» Hy 
+ ws :! ‘ Ue * y 
A ? vA a) Aa, 
4 a ie 
4 a ‘s P 
~ cm < Hl < 
.- y < 
= 4 
: % 7 a 
j C7) Ao, re = 7, 
at , - 
a - ‘oh, a re: 
hs Tl Swi ks 
% an s ‘i 
’ 2 5 
5 : : ny 4 
: v »,! PA ¢ 
° 4 ' “ u an ans her 
Ee 
' | Pir. ee 
¢ Ope) a 5 
—- fi Ps.) a 
\ . rah are week: 7 \ con” 
* i wie ‘ 
1 end 
7 5 J A. 
Grrr a Zs 4 
- 24 ace tpn \ wie 
’ we 
1 - . > : 
- , a Wig 


Y . 
e Ae a 
am 
re 
‘7 
HS) 
=_— ‘ ae 
- » - & 
fe 


NYMPHALID 4. 41] 


hindwing produced into two slender tails. The larva is figured by David- 
son and Aitken (Journ., Bombay N. H. Soe. V, p. 278), who found it feed- 
ing on tamarind. The student should consult these excellent papers for 
information as to the larve of butterflies, and since this publication should 
be in every Library, we have forborne from reproducing the figures. 
Equally the list of foodplants of Kanara butterflies in the Transactions 
of the Asiatic Society of Bengal (Vol. LXIX, p. 187) should be consulted. 


Euthalia. Out of 20 species, two of the Indian forms can be cons!- 
dered as widespread in the plains and as likely to be found. 4. garuda, 
Mo., is a deep brown insect, the female paler than the male, both with dark 
loops near the base of the wings and, on the forewings, a series of five 
white spots from the costa near the middle. There is an outer series 
of black spots on the hindwing and the under surface is paler with nearly 
similar markings. The larva is figured by de Nicéville and was found 
by him feeding on mango. It is perhaps the most beautiful and striking 
of all the butterfly caterpillars and, while not abundant, is to be found 
on the mango in most parts of India. (Plate XXX.) 


E. nais, Forst., is smaller, the upper side bright tawny, with black 
bands and dots. De Nicéville remarks that it thrives best in open and 
moderately dry country ; the larva is similar to that of the above species 
and is described by Moore. 


Neptis eurynome, Westw., includes forms separated by de Nicéville and 
others, but regarded by Bingham as the same. On the latter basis, this 
species is widespread 1n India. The upper side is black, with white spots in 
three oblique lines across both wings, with an outer series of smaller ones 
on the forewing. The under surface is a deep rich red-brown, with the 
markings larger and confluent. The larva is described as green with 
processes on the sides of the third, fourth, sixth and terminal segments, 


and spines on the head. 


In the next species, Rahinda hordoma, Stoll., the markings are on 
the same plan but larger, confluent, and a bright tawny colour; the 
butterfly is widespread, its larva feeding on Acacia and Albizzia (see 
3ell, Davidson and Aitken, Journ., Bombay Nat. Hist. Soc. X, p. 250). 


Cyrestis thyodamas, Boisd., is the sole common species of this genus 


and is noticeable chiefly from its remarkable larva found feeding on Ficus 
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nemoralis and F. glomerata, The student should consult the papers of 
de Nicéville and F.W Mackinon in Volume XI of the Journal of 
the Bombay Natural History 
Society for beautiful figures 
of butterfly larvee, including 
this remarkable species. 

With Danas, Junonia is the 
common genus of butterfly 
known to all in India. The 
numerous forms are abundant 
in gardens, and to those who 


appreciate their beauty, it is Fig. 282.—JUNONIA ALMANA. 

worth while growing the blue- 

flowered Stachytarpheta indica, which is in itself so dull and uninterest- 
ing, on account of the myriads of Junonias which will visit it in autumn. 
We figure Junonia almana ; the six Indian species are all common in. 
the plains. Bingham gives the following key to them :— 


bana 
Fig. 283.--JUNONIA LEMONIAS. 
a Ui ‘SI 
Upperside ground-colour brown. 
* 


a’. F 
orewing without, yellow spots or discal: band on upperside 


os eae Pea a ree ee vias gabe Oe ee ee J. iphita. 

. -wing with oa ; Fe ; : 
eal SON yellow spots or a whitish discal band on upperside. 
a ng with yellow stops on upperside. fn sau J. lemonias. 

: Tewlng with : Bic Sa 2 
8 with an oblique whitish short discal band on upperside 
ede ey Pte eee eee sees cessed. Ontthyag, 


in. eee J. hierta. 
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c. Upperside ground-colour 


forewing black, hindwing blue 
Suck rit J.orithya g. 


d. Upperside ground-colour pale lavender-grey or brown ...J. atlites. 


e. Upperside ground-colour rich orange-yellow ........ J. almana. 


The larve are cylindrical with rows of spines or processes, and 
usually dull in colour. All feed on wild plants, but J. almana has been 


Fig. 284.—VANESSA CARDUI. 


known to join other bands 
of swarming caterpillars and 
destroy rice fields on a large 
scale. The larva of J. orithyia 
feeds on a common weed, 
Justicia sp. (Plate XXVIII, 
fig. 1) and the larva of J. 
lemonias, on bariar (Sida 
rhombifolia). 


Vanessa is represented by V. cardw, Linn., the ‘‘ Painted Lady ”’ of 
England, found throughout the world, and rarely in the plains, and by 
V. indica, Herbst. The larva is like that of Junonia; the first feeds 
on Argemone mexicana, the second on Zornia and Blumea. 


Hypolimnas is remarkable on account of the striking sexual 


differences exhibited. The female 


in each case mimics a Danaine 


Sa Noe A SARNSt  SENN 


Fig. 285,—HYPOLIMNAS MISIPPUS MALE. 


butterfly, MH. bolina, Linn., mimicking Euplaa, H. misippus, Linn., 


mimicking Danais chrysippus. The males are deep black, with a large 
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white patch in each wing, which has metallic blue reflections ; in H. 
bolina the edges of the wings show traces of the markings characteristic 


Fig. 286—HYPOLIMNAS MISIPPUS, FEMALE, 


of the female, but in misippus the two sexes are totally distinct in 
colour. The larve are of the usual form, with rows of spines. Both 
species are common in the plains, and the student may be on his 


guard against regarding the females as Danaids on superficial 
characters. 


“es 


Fig. 287—HyYPoLimNnas MISIPPCS, DIMORPHIC FEMALE. 
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The beautiful oak leaf butterflies of the genus Kallima deserve 
mention, though only one can doubtfully find a place in our plains 
fauna. Every butterfly collector is familiar with these, as every visitor 
to the Museums of London or Calcutta should be. Kallima inachus, 
Boisd., is the common hill form, found wherever there is sufficient 
moisture and forest, as at Pachmarhi and in Orissa. Kallima 
horsfieldi, Koll., is treated by Bingham as distinct, and as including 
several forms regarded by de Nicéville as distinct ; it occurs at eleva- 
tions of 2,000 feet and upwards in Western and Southern India and 
may be the Western form of achus. Davidson and Aitken describe 
and figure the larva, and state that it feeds on Strobilanthus. 
Cethosia cyane, Dr., is perhaps the most notable butterfly of Bengal ; 
it is a curiously tame species and we have caught it in our fingers at 
Duranta ; the larva is stated to feed on passion flower (Moore). Atella 
phalantha, Dr., is a small tawny butterfly with black markings; de 
Nicéville says of it: “ This species is one of the commonest Indian 
butterflies, occurring throughout the year in the plains and in suitable 
seasons in the outer Himalayas up to 8,000 feet.”” Davidson and Aitken 
describe the larva, which is stated to feed on Flacourtia and Salix. 

Ergolis includes the widespread LH. merione, Cram., whose larva feeds 
on castor leaf. (Ricinus communis.) The butterfly is not common, flying 
among the foliage of dense trees and this species is one of the few 
that breeds on a plant of economic importance. (Plate XXXI.) 

Of the Acraeine but one can be included here, the little tawny 
Telchinia viola, Fabr., whose larva feeds on the wild passion flower (see 
Davidson and Aitken). It was reared in Bengal on Hibiscus cannabinus. 
The larva is spiny and may be protected by its unpleasant taste. 

The Libytheine include only the genus Labythea wholly absent 


from the plains. 


NEMEOBLIDA (ELrycomdae, Lemonude). 
Forelegs fully developed in female, imperfect in male. 


This family includes species almost wholly confined to the 
forest-clad hills. They have somewhat the appearance of Lycenids, 
with short tails on the hind wing in some cases. Dodona eugenes 
sutl., has been reared from a green flattened larva, feeding upon 


grasses and bamboo (Mackinon). Abisara echerius, Stoll., is the only 
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species found in our area; Davidson and Aitken reared the larva, 
and describe it as being light-green, flat, very broad in the middle, 
tapering to both ends; the pupa 1s closely attached to the leaf by 
th» tail and a girdle. The total number of species in India, Burmal: 
and Ceylon is twenty. 
PIERID A. 
Legs fully developed, claws bifid or toothed. Hind wing with vein la 


present. Larva smooth or with fine pubescence. Pupa 
with a girdle, upright or horizontal. 


These butterflies are of moderate size, coloured in white, yellow, 
orange and black; the colouring is vivid, noticeable and probably 


Ke 


warning. The majority of 
the family and practically 


all our common -species are 
instantly recognisable as 
Pierids in the field and the 
family is a very distinct one. 
Males and females differ 
little save in colouring, while | 
dry-season forms of both = < 

sexes are often darker than Te ge Oe 


wet-season forms. 


There is little to comment on in 
the life-history. Eggs are laid in 
groups or singly, upright sculptured 
eggs, constricted near the apex, 
of a dull yellow white colour. The 
larvee are usually coloured in yellow 
or green with black and are smooth, 
or have a short dense pubescence 
often with grandular hairs bearing 
each a drop of fluid. They com- 
monly feed in company, a row 


eating steadily away at the epidermis 
Fig. 289.—Carorstiia pyranrue pupa Of the foodplant together. Our 
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PLATE XXXI.—Ereous Meriong. 
Tue Castor Burterrty. 


Egg, seen from above. x 18, 
» lateral view. x 18. 


- Young larva, dorsal view. 


Full-grown larva, dorsal view. 

Second and third abdominal segments of larva. 

Section of third abdominal segment to show arrangement of 
processes. 

A single process, 

Chrysalis, dorsal view. 

Imago, female, dorsal view. 


~ i ventral’ ,, 


PIERID A. ALT 


are ; 
allied Legumunose, on Capparis and Capparidacee, on Brassica and 


Crucifere, and on Loranthus. 


Pupation takes place after the larva has attached the anal prolegs 
to the pad of silk and fastened the thoracic girdle, the pupa being hort- 
zontal or upright. The pup are green, cryptic in form and colour. The 
butterflies are day-flying and very noticeable, some being strong fliers 
which visit flowers, others fluttering in low vegetation and grass. They 
appear to hibernate as imagines and where the foodplant is available, 
lay eggs early in the year at the onset of the hot weather. The number 
of broods is at least two and in some cases as much as six or more. 
A ereat deal has yet to be learnt of the occurrence of some species during 
the year, and the matter is by no means a simple one. We may mention 
Pieris brassice, Linn., as an instance, there being reason to believe that 
this butterfly migrates from the hills for the cold weather and early hot 
weather, spending this period in the submontane districts of the Himala- 
yas for instance, breeding on cultivated Crucifere and returning to the 
hills for the summer there. This is by no means definitely ascertained, 
but it is in strong contrast, for instance, with such a species as Terias 
hecabe, Linn., which is a constant breeder in the plains, wherever 
food is available, and so long as the weather is warm enough. Only 
one species is in any degree destructive, Pieris brassice, Linn., being a 


pest to cabbages and other garden Cruciferee, in sub-Himalayan tracts. 


The larve are the hosts of parasitic Hymenoptera and a very large 


proportion are destroyed in some seasons. 


Bingham has recently revised the Indian forms in the Fauna of 
India, with the help of de Nicéville’s manuscript of his proposed 
volume in the butterflies of India. Only 91 species are recorded in all, 
and this is probably a smaller number than any other author would 
allow. The tendency to split species and indefinitely multiply them 
is deplorable, and it is to be hoped that Bingham’s commonsense 


views will be accepted as final. 


Leptosia ziphia, Fabr., is common in the plains, a small white but- 
terfly, with rounded wings, the apex of the forewing anda large sub-apical 
blotch black. It is a graceful butterfly of delicate build, found in the 
jungle ; the larva is recorded on Capparis. 


[fh 27 
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Delias eucharis, Dr., is one of the most common and striking butter- 
flies of the plains ; it is white above ; the veins lightly or heavily marked 
apex of the forewing and hindwing are bright 


with black; below, the is 
an outer series of bright vermilion blotches 


yellow between the veins, with 
between two black bands; the red looks as 1f dabbed in with a brush 


and stands out extraordinarily sharply and crudely. This beautiful 
insect flies about in the sun and is one of our most striking butterflies. 
Aitken records its habits of laying eggs in rows and not singly as do most 
butterflies. Its larva feeds on the mistletoe (Loranthus), growing on 


trees and is readily reared. 


Anapheis (Belenois) mesentina, Cram., is white with fuscous mark- 
ings; the larva feeds upon bagnai (Capparis horrida), and the butterflies 
are common throughout the year. The pupais green with yellow spots; 
it has a spine on the vertex, one on the dorsum and a lateral pair. 


Pieris is represented sporadically by P. brassicw, Linn., the common 
“cabbage white,” which is found within 100 miles of the Himalayas in 
Kastern Bengal, Behar, the United Provinces and Eastern Punjab. This 
insect is sometimes extremely abundant, coming in the cold weather in 
numbers and breeding freely on cruciferous plants. Its sporadic appear- 
ances are due either to the action of parasites which ultimately destroy a 
very high percentage of the larve and check the insect apparently for 
some years, or to its sporadic migration from the hills into the 


plains. Taias pyrene, Linn., is yellow with black and orange covering 
the apical half of the wing. Its larva feeds 


| on Capparis sepiaria with 
that of J. mariamne, Cram. ; 


| both are common in India in the hills 
as in the plains. Appias libythea, Fabr., is a white butterfly with dark 
markings at the edge of the wing in the male, over the apical half in 
the female. The larva was reared by Davidson and Aitken o 
Capparis horrida. ; 
Catopsilia includes the two commo 
Cram., and C. pyranthe, Linn. 
(Cassia occidentalis) 
fistula) and are com 


n white butterflies, C. crocale, 
Both feed freely upon the weed Chakaur 


, the latter also upon the Indian laburnum (Cassia 
mon throughout the year. 


Colias ¢ 
roceus, Foure. (fieldi Men 


), 18 a beautiful o species 
wings edged with fuscous Tae BDO os ein 


and with the undersurface yellow. 


; It is © 
ot the ec 3 : 7 one 
i the common butterflies in the felds in the dry hot month 
Zi ‘ Ss. 
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Terias is perhaps the most common of the Pierids, the little yellow 
butterflies with black edges to the wings which are so abundant through- 
out the plains. 7’. hecabe, Linn., has been reared upon Cassia tora and 
probably feeds on several species of Cassia. Watson refers to it as having 
at least four broods yearly, and in favourable places possibly twelve. 
It has been reared in Bengal also on Jainta (Sesbania aculeata). 
The oval elongate egg is greenish white, laid singly on leaves. The 
larva is green, with a lateral white stripe, and transverse wrinkles ; they 
pupate (after twenty days larval life) with the head downwards, the 
body in the girdle, and their colour is green or brown according to the 
leaves they are on or among. The pupal period varies from five days 
to twenty-five days. This species is variable in markings and is not 
easily distinguished from 7. venata, Mo., T. libythea, F., and T. leta, 
Boisd., which also occur in the plains. 


Coletis amata, Fabr. (Teracolus cyprea) is orange above, with many 
dull black markings, and yellowish below. The larva is striking, as it 
feeds in company on the leaves of Salvadora 


o~ a mE persica; the full grown larva is cylindrical 
ene. sey a, Ws, ’ 


yellow green, the head and body with 
tubercles bearing hairs, at the end of each 
of which is a drop of fluid. These feed in 
a row, eating away the epidermis and 
gradually moving down the leaf. They are 
common where this plant grows in the drier parts of India. Coletis 
(Teracolus) etrida, Boisd., may also be expected in the plains. 


Fig. 29)—COLETIS AMATA. 


ad 


MIGRATION. 


To those who live in tropical countries, the migration of insects will 
suggest at once the flight of vast swarms of locusts, perceived as a cloud 
on the horizon growing larger as they approach till the sky is dark with 
them and they pass on overhead or alight for a while before resuming 
flight. In locusts we see the phenomenon In 1ts most striking and 
exaggerated form, one in which the magnitude of the insects impresses 
us most distinctly and gives a perhaps exaggerated idea of the actual 
numbers of insects concerned. 


We have in the Bombay Locust (Acridium succinctum, Linn.) # most 
striking example of an insect that is at once an ordinary non-migrating 
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grasshopper and a migrating locust ; this seater PEEL rie ‘see yet 
of India in small numbers as an ordinary mem ee Ae es 
ring in specially large numbers. In certain areas 1 ‘ eee pls aed 
abundant in occasional years, packs into swarms an ame seme g 
distances. In this case, the change of habits 1s associate " t: c ote 
of colour, the insect becoming suffused with brillant. red. Norma y 
this occurs in November or early December when the insect eer 
yet specimens with the normal colouring are found elsewhere or when in 
small numbers right through until June and no pemeion takes 
place. One would hesitate to attribute the colour-c pas to the mere 
change of habits did one not also feel that the habit of migration is one 
that must exert a profound effect on the insect itself. We have elsewhere 
suggested that the red colour facilitates migration Mm swarms since it 
renders the swarm visible at a distance and enables stragglers to come 
up (Mem., Agric. Dept., India, Entom. Vol. I, No. 1) i that the 
commencement of the migration induces the colour-change is striking, 
but the observation of this insect leads one to believe it to be true. The 
question that naturally arises is, why do locusts migrate? Why does 
this impulse come upon them and impel them to move in swarms over 
long distances, or even, as the Bombay Locust does in its early flights, 
to fly solitarily and steadily in one direction at night till they have 
covered a hundred or as much as 200 miles. We believe it is due to 
two motives : first the need of food ; second, the need of finding satisfac- 
tory places to lay eggs. In the year 1903, the Bombay Locust gathered 
In Immense quantities in the forests of the Western Ghats before the 
winter ; this was probably for food since only in these forests would they 
find a sufficiency of green leaves: afterwards they moved out in swarms, 
as they have done before and after; this was, we believe, to enable 
them to lay eggs mm places where grass abounded rather than trees, 
since the hoppers live in moist grasslands among low vegetation. The 
same two motives would appear to apply to the Migratory Locust which 
first migrates in search of food and has a brilliant “ migration ” colour 
and then moves further in search of sandy wastes and gets a protective 
yellow “Sand colour” when it is going to lay eggs: only in this species 
the hoppers too have a migrating habit since they are born and live, not 
in the midst of plenty in rainy places as does the Bombay Locust-hopper 
but in arid lands where the drought-resisting bushes afford less food. If 
then these views are correct, the migrating habit has arisen in the latter 
, While in the for a reproduction, and is so habitual 
it is surrounded by many of its ind Gade eee ae pare np 
sroduces pecul; : the assumption of the habit 
: peculiar colour-changes as a physiological result. Out of all 
the many grasshoppers in India. we know of raven ‘ wt. Out ofa 
species and one may wond a ae oe = abit in only two 
cs 7, Wonder why. it shouldigceus in these only; but 
It Is necessary to think back one stage and wond y; bu 
should reproduce go abundantly Th Mee LURES Way RRS ao 
antry, IS _we cannot answer, save by 
ariety and makes one species prolific, 


saying that Nature is full of Vv 
another always a raritv. Thar, :. 
another alw ayS a rarity. There is Teason to believe that, like the 
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Bombay Locust, others migrate when abundant, the instinct to do so 
moving them when many are together. Thus the Central Asian locust, 
Pachytylus cinerascens, occurs in India sparsely, but is a well known 
migrating locust in places where it is more abundant, and we believe it 
would be so in India were favourable conditions to make it abundant. 


Scanty records exist of the migration of other insects and we can 
mention a few of these. From time to time, one reads in newspapers 
of a swarm of butterflies having been seen flying steadily in a particular 
direction ; we have seen this in the case of a West Indian skipper (Calpo- 
des ethlius) which was extremely abundant ; de Rhé Philippe in his paper 
on the butterflies of Lucknow, mentions it in the case of a Lycenid 
(Polyommatus beeticus, Linn.) which he says migrates annually to the 
hills in great numbers in the early hot weather (Jo. Bo. Nat. Hist. Soc. 
XIV, p. 481); Dudgeon (Jo. Bo. Nat. Hist. Soc. XIV, p. 147) has 
remarked on migrations of Catopsilia crocale, Cram., and Anapheis 
(Belenois) mesentina, Cram., with small numbers of other species 
which he has observed in the Kangra Valley, where they are said to be 
not unusual. He found they flew steadily in one direction and that 
both sexes were present. 


G. C. Nurse also has observed a migration of Catopsilia pyranthe 
at Deesa in August, and states that it has been seen to occur every 
year for three years back. (Jo. Bo. Nat. Hist. Soc. XIV, p. 179.) 
Other instances will be found in Indian literature and it is probable 
that these cases are associated with food supply, not so much for the 
actual migrating insect, as for its young. Other recorded cases 
include the migration in swarms of dragon flies (Odonata), though 
such cases are rarer. Such a case is mentioned by Morren, where 
Libellula depressa migrated in vast numbers in Belgium (A.N. H. 
II, Vol. 13, p. 239). Howard (The Insect Book, p. 331) mentions seeing 
a “migrating army of Cockroaches, incalulable in number,” crossing 
the street in Washington and apparently moving from an undesirable 
building to others, the motive being, he considers, the desire of the 
females to lay their egg cases in a place that might afford food to their 
abundant young. 


Finally we may mention the fly Sccara, whose larve are recorded as 
moving in a solid mass steadily in one direction ; this phenomenon occurs 
in some European and American species, where it 1s well known. 


Paprtiontpa.—Swallow tails. 

Legs fully developed, claws large and simple. Hindwing with vein Ta. 
absent. Pupa with girdle, fixed at tail, head upwards. Larva with 
or without processes, not harry. 

These insects include the finest and most striking of the butterflies, 


but they are almost wholly confined to moist forest areas and but three 
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Fig. 291—PaPpiLio DEMOLEUS. 


within our limits not representing the group adequately. Bingham re- 
cords 129 species in the Fauna of India, Vol. IT. 


Papilio demoleus (erithonius), Linn., is common throughout the 
plains, a moderately large butterfly coloured in black with yellow 


Fig. 292—Youne Larva or PAPILIO DEMOLEUS ON ORANGE Lear. x 2. 


blotches and an indefinite eye spot on the hindwing ; its larva is 
found upon the lime. orange, bael (Zigle marmelos), bawchi (Papas 


corylifolia) and other Rutacee ; the larva is smooth and thickset, and 


feeds on leaves: it is at first a dull brown with a large irregular white 
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blotch on the upper surface ; whilst it has this colouring, it feeds on 
tender leaves and rests openly on the leaf where it resembles a bird’s 
excrement; at the third moult, it becomes green; apparently it is 
now too large to mimic bird’s excreta and it adopts a cryptic colour- 
ing, green with purple brown oblique bands. It is now somewhat 
snake-like in appearance and by some observers is regarded as being 
so to an extent that may be protective. The larva on being irritated 
extrudes a forked yellow process from the prothorax, which gives out 
a scent; presumably this is a protective device. Pupation takes place 
on the plant. The number of broods yearly does not appear to be 
known ; there are certainly two in the months preceding the rains and 


apparently two during and after these months, but there is not any 
apparent regularity. 


P. pammon, Linn., is not distinguishable from the above as a larva, 
but the butterfly is distinct. Unlike P. demoleus, it occurs in more than 
one form. The two species are destructive to young Citrus trees and 
while demoleus appears to be most common, both occur throughout 


India. 


P. aristolochie, F., is the only other common species; its larva is 
deep velvety brown, with a cream coloured band across the abdomen, 
and with short blunt reddish processes; the chrysalis is of peculiar 
form, resembling a torn leaf; the foodplant is the cultivated climbing 
Aristolochia, as well as the wild Aristolochia indica found as a field weed. 


Lycantpm.—Blues, Coppers, Hairstreaks. 
Forelegs slightly reduced. Male tarsus of one joint, with one claw. 
Precostal nervure absent. Pupa usually attached to leaf, with a girdle. 
Larva fusiform, smooth and without long hairs. 


The family is distinguished readily by its appearance in nearly all 
cases, being of small to moderate size (among butterflies), the hindwings 
often with little tails, the colouring usually blue or grey above with 
metallic reflections, grey or white below with many dark spots and, 
often, coloured ocelli. 

The colouring of the undersurface is distinctly cryptic, blending 
beautifully with the prevailing light and shade of dry grass when the 


butterfly sits on a grass stem with folded wings. 
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Fig. 2983—VIRACHOLA ISOCRATES, LARVA ON GUAVA FRUIT. 


Rhopalocera, white or bluish and reticulate ; they are laid singly on the 
foodplant. In most cases the larva is flattened, oval, the legs and 
prolegs under the body; the general form is that of a woodlouse 
(“ Onisci-form ”) : there is commonly a dense covering of very short 
hairs, though some are smooth and a few tuberculate with bristles. In 
many forms, a secretion much sought after by ants exudes from an 
opening at the hind end, and each species has its special attendant 
ants. Curetis laryee have a peculiar process bearing a tentacle at 
the end of which are hairs: this tentacle is whirled round rapidly 
when the larva is alarmed, presumably with the object of frightening 


off enemies. phyra has a still more remarkable larva, a description 
of which occurs in the Fauna of India Volume. 


The larve are vegetarian in nearly all cases, fe 
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PLATE XX XIT.—Carocurysors CNEJUS. 


Tur Hatrestreak. 


Egg on shoot. 
Egg. x50 
Larva. x 1h. 
Larva, x 4. 


a Imago. x 2. 
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The pupa is rounded, humped at the thorax, constricted behind the 
thorax, and flattened below, usually smooth. It is attached by the cre- 
master and usually by a girdle. 


The butterflies are day-flying, fluttering about in grass and low her- 
bage, the larger forms being strong fliers. Hibernation in this group 
is commonly in the imago stage in the plains and there are two or several 
broods in the year, depending upon food-supply. None are serious pests 
except Virachola isocrates, which works havoc in plantations of pomegra- 
nate. 


Lyceenids have not been collected in India to the extent that other 
butterflies have, and there are fewer data in the case particularly of 
distribution. The species common inthe plains are far less well known, 
and we have mentioned only those species we are certain are widely 
spread, a very small number considering the large number of forms that 
exist in India. Bingham, who has revised the family in the Fauna of 
India, divides them into seven sub-families. The student should 
see these volumes (Butterflies, Vols. II, III) where the known species 
are described and their larve. 


Spalgis epius, Westw. (fig. 292), is notorious on account of its (lar- 
val) habit of devouring mealybugs; it is distinctly not vegetarian as 


L 


Fig. 294—SPALGIS EPIUS, LEFT, MALE; RIGHT, FEMALE. 


are its allies, but lives among colonies of the larger mealybugs and feeds 
on them: it has been found with Phenacoccus iceryoides, Gr. ; the larva 
is short and thickset, with a thick coating of white mealy wax adhering 


to its short stiff hairs ; its appearance is exactly like that of the clustered 
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bugs and only careful examination distinguishes it. The head and feet 
are concealed, the body below is greenish. The larvae when full fed walk 
about, settle down and pupate, emerging after 9 days as butterflies. 
Aitken figures the larva and pupa (Journ., Bombay Nat. Hist. Soe. 
VIII, p. 485), but the student may be cautioned against taking his 
remarks seriously as to the resemblance of the pupa. In this as in 
Sother genera the girdleis absent, the pupa attached only by the 
cremaster. The butterfly is widespread, but perhaps not abundant, 
being dependent for its food on this and other mealybugs. Mr. Green 
was the discoverer of the carnivorous habit of the larva, which was con- 
firmed by Mr. Aitken, and we have since reared the butterfly from the 
mealybug we mention. The butterfly (fig. 294) is violet-brown above, 
with a square white spot in the forewing, and greyish white below with 
brown lines on both wings, without ocelli. 


Chilades includes two plains’ species; C. laius, Cram., which is blue 
above and without colour or metallic scales on the marginal spots 
below and C. trochilus, Frey., which is dull black above, the marginal 
spots with metallic scales and orange colour. The larva of the former 
is described as feeding on the leaves of lime and pomelo; de Nicéville 
says it can be “ confidently looked for in any part of India where any 
trees allied to the orange grow.” The larva of the latter is described 
by de Nicéville, as feeding on Heliotro pum strigosum, Zornia diphylla, 
and on indigo in Behar. , 


Zizra includes the smallest known butterflies with Z. gaika, Tr. only 


six-tenths of an inch across the wings ; some of these are abundant in 


the plains on low vegetation, while here and the 


re one finds them in pro- 
fusion on a patch of grassland. 


De Nicéville considered there were but 


rate, though he listed all the Species mentioned as distinct 
to the number of thirteen, Z. maha, Koll 
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probably also on wild leguminous plants. Davidson and Bell reared 
it on a vetch, Zornia diphylla. 


Z. gaika, Trim., has two spots on the costa of the forewing below. 
one on either side of the discocellular spot. It appears to occur in grass 
and low herbage throughout India, though best known from hill locali- 
ties. Z. otis, Fabr., has no costal spot below and is the last of this genus 
which de Nicéville regarded as distinct. Accepting this view, the species 
is widespread in India; he records rearing it on Alysicarpus vaginalis 
in Calcutta. 


Lampides is also widespread in India, L. elpis, God., light metallic 
blue above, rather less so than L. celeno., Cram., (elianus, Fabr.) which is 
milk white above. The former feeds on the cardamom (Hlettaria carda- 
moma) where this plant grows, the latter on the Dhak (Butea frondosa) 
and on Heynea trijuga. For the accurate identification of these insects 
as for particulars of this family, the student should consult the third 
volume of de Nicéville’s Butterflies of India, and Bingham’s volume 
II of the Butterflies in the Fauna of India. An account of L. elpis will 
be found in Indian Museum Notes, Vol. I, p. 11. 


Catochrysops is regarded by de Nicéville as containing three species, 
while he lists nine. C. strabo, Fabr., has a “ distinct small dusky costal 
spot between the disco-cellular and discal bands on underside of forewing ; 
eyes hairy.” While the others have not these characters, C. cnejUus, 
Fabr., has two nearly equal black spots at the anal angle of hindwing 
above, while C. pandava, Horsf., has but one such spot, in each case in 
the male. The first of these has been reared once from Vignacatjang, 
the secondfrom Cajanus indicus, and other common pulses (Plate 
XXXII), the third from Cycads. All are common in the plains and may 
be captured readily. Tarucus theophrastus, Fabr., is the commonest 
of all these butterflies and is readily found as a larva on the ber 
(Zizyphus jujuba). The flat green larve eat off the epidermis much as 
a snail feeds and gradually denude the branches of leaves; the smaller 
bushy plants are preferred and one may frequently see a number of the 
little butterflies clustering on one little bush to sleep. De Nicéville, 
jn commenting onthe number of species made by some writers, urges the 
breeding of this species in large numbers on this common foodplant ; 


the views of two authors as to what constitutes a species are rarely 
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identical ; it is evident that every species varies, that given a large number 
of variable specimens it is difficult to group them if there a oe ey 
mediates, and finally that, since this depends entirely oh the judgmen 
of the individual, the views of variable individuals will differ ; ne must then 
have recourse to the only test, namely, breeding from eggs laid by dis- 
tinct females ; if we find that out of one female’s eggs we get all the varie- 
ties, then all fall into one species ; when this does not occur, but one batch 
of eggs gives only one variety, and another a second, we are further 
towards the truth, and by further breeding and judicious attempts at 
coupling, we can separate our species with some distinctness. This is 
what requires to be done for many forms of Rhopalocera, and_ will 
eventually have to be done in the case of many species of other groups, 
when these come to be as well known as the butterflies. 


Castalius ethion, Doubl., and C. rosimon, Fabr., are also recorded by 
Bingham as widespread in India, feeding also on the ber. 


Polyommatus beticus, Linn., is referred to by de RhéPhilippe as 
migrating yearly in swarms from Lucknow to the hills in the early hot 
weather (Journ. Bombay Nat. Hist. Soc. XIV, p. 488). Probably many 
more species have this habit in sub-Himalayan localities and the cold 
weather fauna of the Gangetic plain may be partly composed of such 


migrating insects. De Nicéville records rearing this on the flowers and 
pods of Crotalaria calycina. 


Virachola isocrates, Fabr., is the most important economically of 
the butterflies, perhaps the only one that is 
injurious. The maleis a beautiful 
with an indistinct ochreous S 


constantly and regularly 
glossy violet blue above, the forewing 
pot ; the female is violet brown above, the 
Sehreous Spot more distinct. This insect has been described and figured 
several times ; the student should read the delightful account of West- 
wood, reprinted in de Nicéville’s Butterflies of India, II p. 478. The 
larva feeds on the fruit of guava, pomegranate, ete. 'Y. pane Hew 

also occurs throughout India, both sexes being biack above ee ie 
(not metallic) on the basal area of forewing and disc of hindwing 
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The following species, in addition to those referred to above, may 
be looked for in the plains :— 


Neopithecops zalmora, Butl. Nacaduba ardates, Mo. 
Megisba malaya, Horst. Lampides bochus, Cram. 
Cyaniris puspa, Horsf. Tarucus plinius, Fabr. 
Azanus ubaldus, Cram. Curetis thetis, Dr. 

>  uranus, Butl. Aphneus volcanus, Fabr. 

» jesous, Guer. = elima, Mo. 
Lycenesthes emolus, God. Tajurva longinus, Fabr. 
Talicada nyseus, Guer. »  jgehana, Mo. 
Everes argiades, Pall. Deudoriz epryjarbas, Mo. 


HESPERIID®.—Skippers. 


Forewing with all the veins separate. Front tibia with a pad. Claws short 
and thick with an empodium. Antenne hooked beyond the club. 


Larva smooth, slightly flattened, with a distinct neck. Pupa in a fold 
of the leaf. 


These butterflies are recognisable, as a rule, by their stout build, 
quick jerky flight and, when at rest, by the curious manner in which 


Fig. 295—GANGARA THYRSIS (I. M. N.). 


the wings are held at an angle tothe body. They are of moderate s1ze 
and only rarely of bright colour, a dull brown being the commonest tint, 
though some are bright orange and brown. The body is stout, the wings 
short : the head is large, with large eyes, the palpi three-jointed, porrect 
or upturned. The legs are equally developed, the middle tibiae with one, 


the hind tibiz with two spurs. There are certain secondary sexual marks 
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on the forewing closed during life 


on the males including a costal fold . 
the forewing and glandular 


and containing silky hairs, a stigma on 
patches of specially modified scales. 


The life-histories of a small number are known and have the main 
features the same (Plate XX XIII). Upright °88® are laid singly on the 
foodplant, which hatch to caterpillars with five pairs of suckerteet. The 
larve are usually smooth and elongate, tapering evenly to either end, 
the head large and often with a paired process, the prothorax distinctly 
compressed behind the head, giving the appearance of aneck. The body 
is slightly flattened, the inter-segments not constricted and Spe sucker- 
feet are flat : the whole structure enables the caterpillar to remain closely 
pressed to the leaf during the day and the colours are commonly green 
or whatever tint best agrees with its foodplant. None exhibit warning 
colouration, or terrific devices, and they appear to depend upon their 
cryptic form and colour. Some live between the folds of a leaf, others 
openly on the leaf and most are nocturnal feeders. The foodplants 
include grasses (Gramine@), palms and species of Scitaminew. The pupa 
is cylindrical, the hind end tapering and terminating in a spine ; it lies 
in a fold of the leaf or between two leaves fastened together with silk ; 
the cremaster is attached in the usual manner to a silk thread or pad and, 
in some common species, the pupa is surrounded by a white efflorescence 
on the leaf. The life-history is in general a fairly quick one and there 
are two or more broods in the rains; so far as known, hibernation 
is passed in the imago stage. The larve are the hosts of parasites, both 
Tachinide and parasitic Hymenoptera having been reared from them. 


None are serious pests, though more than one lives upon rice and some 
on palms, turmeric and ginger. 


The family is a large one and Mabille has recently enumerated 2,600 
species (Genera Insectorum) ; 190 of these are Indian, a small proportion 
being plains species. The student should consult Elwes’ Revision of 
Oriental Hesperiide (Trans., Zool. Soc., 1896, XIV, p- 101) where many 
species are figured in colour as well as Watson’s “ Hesperia Indica z 
(1891) and de Nicéville’s papers. The family is divided into the follow- 
ing sub-families :— | 


Pyrhopygine, Hesperiine, Ismenine, Pamphiline, Megathymine. 


PLATE XXXIIJ.—Parnara Maruias. 


Tue Rice SKIPPER. 


. 1. Eggs, from the side. 
2. Young larva webbing up leaves. 
3. Full-grown larva, 
4. Pupa in rolled leaf. 
a 
6. > Imago. 
74 
- } Puparia of Tachinid parasites. 
10. Ichneumon parasite, 
fe Tachinid parasites. 
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Ismenine.—The life-history of Badamia exclamationis, Fabr., is 
told by Dudgeon (Jo. Bo. Nat. H. Soc., X, 1895, p. 184) and his 
account is quoted by Sharp. The caterpillar feeds on Canna. 


Pamphiline A.—Suastus gremius is superficially like Parnara mathias, 
but has black spots on the hindwing beneath. It is recorded as feeding 
on rice, but probably isa palm leaf feeder principally, Davidson and 
Aitken rearing it only from several palms. It isstated to be the com- 
monest skipper in Lucknow (Phillipe). De Nicéville gave an account 
of it in Indian Museum Notes Clsp. 2): 


Gangara thyrsis, Mo. (fig. 295), is a larger species whose larva also feeds 
on palms. Aitken speaks of the butterfly as coming out before dawn 
and after dusk. Matapa aria, Mo., was found commonly in Calcutta, 
feeding on bamboo leaves by de Nicéville (Ind. Mus. Notes, Vol. V, 
pe 115): 


Pamphiline B.—Parnara (Chapra) mathias, Fabr. (Plate XX XIII), is 
perhaps the most abundant of the family in the plains, a small olive 


Fig. 296—PARNARA COLACA, 


(I. M. No) Fig. 298--PaDRAONA PALMARUM. 


FEMALE. (I. M. N.) 


brown species with whitish speckles 
on each side of the wings. It is com- 
An mc nly found on rice as a larva or pupa 
{ +94 , 4 aS j and is occasionally destructive. There 

ee ee appear to be two broods on rice during 
ae . ne the rains asarule; P. colaca, Mo., is 
ve sad acay = ra a ee stated to have fed in paddy in Savan. 


(I. M. N., III, 3, p. 4.) 


Telicotu (Padraona) palmarum, Mo., is recorded from Date palm 


and is widespread in India. 7. augias, Linn., is one of the very common 
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. and olive-black ; its 
plains species, coloured, like the above, In orange @ at pan 
yi : 

ey breeding commonly on sugarcane, also on bamboo 
larva is found breeding con j : 
rarely, | : 
isa s ack and white species whose 
Udaspes folus, Cram., is a small black P 


aaa is r undant or injurious 
larva feeds on turmeric and ginger. It 1s rarely ab ] ; 


but 1s widespread over the plains. 


HETEROCERA.—- Moths. 

While there is no distinct gap between the Rhopalocera and Hetero- 
cera, there is justification from the practical point of view in separating 
the two Divisions - the iatter have antenne not knobbed, do not 
as a rule fly by day, and pupate commonly in a cocoon or in concealment. 
This great group is a very large assemblage of species and both logically 
and practically requires breaking up to form workable series. A 
number of families were formerly separated as Mucrolepidoptera, or 
Small Moths, but the limits of this series was ill defined. We have 
preferred to divide them into three series as follows :— 

I. Heterocera. Thirty-one families, the typical Moths. 
(see page 399.) 


II. Muicrolepidoptera. Ten families, the smaller moths: 


Calliduhide. 
Hindwing, vein 8 free, le absent. Drepanide 
Thyridide. 
Hindwing vein 8 connected to cell \ Torida 
by ab . See 
y a bar or free, le present Tinea 
Hindwing vein 8 aborted, 1c present. Sesude. 
Hindwing vein 8 anastomosing 
with or closely approximated to 
7. le present. Pyralide. 
Wings divided into plumes. f Pterophoride. 


U Orneodide. 
II. Protolepidoptera. 


Cell of hindwing emitting more 
than 6 veins. | 


Hempialide. 
Micropterygide. 
On this division, we get in one series (7 icrolepidoptera) the families 
placed by Hampson (as above) at the foot of Alie Grdex hae ce 
families in which (1) the egg is flattened, not upright saheea e 
ei ieubed nd.) the larva‘ is * Pyrali-form,” the sucheaee a a circle 
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PLATE XXXIV.—Syyromips anp Nocrvips. 


Fig. 1. Syntomis cyssea, larva. 


~ 


4S: i spa Oe: 
et ° » male, 

ie § op » female, 

» O. Aegocera venulia (Agaristide), 

» 6. Euchromia polymena (Syntomide), 
» %. Ceryx godarti. i: 

» 8. Psychotoe duvaucelii, a 

» 9 Syntomis sperbius, 4 

» 10. Agrotis ce-nigrum, larva (Noctuide), 
ii . : ‘ 

» 12. Polytela gloriose 


»» 13. Homoptera umbrina 
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and not in two opposed lines. From the working point of view the 
Microlepidoptera becomes a useful assemblage of fairly distinct insects. 


We discuss first the typical Heterocera, following ‘the order of Hamp- 
Son’s Catalogue of Lepidoptera and enumerating at the head of each 
family the characters given by him as regards venation. The student 
will find descriptions, etc., in the Fauna of India and in the author’s 


subsequent papers, still being SG in the Journal of the Bombay 
Natural History Society. 


SYNTOMIDA. 


Hindwing with vein 8 absent or short, 1c. absent. Forewing 
with vein 5 nearer 4 than 6. . 

These moths have, as a rule, a peculiar facies, the wings have hyaline 
patches, the hind wing is often reduced in size. They are small or of 
moderate size, the colouring is bright and the plains species are day- 
flying. The student will confuse them with Zygenide, from which 
they are distinguishable only on the venation. 


The lite-histories of some Indian species are known ; eggs are round, 
yellow, laid in masses together on the foodplant or soil; the larve are 
clothed in tufts of hair, dull-coloured and inconspicuous as a rule (Plate 
XXXIV). They make a cocoon of silk and hair on the soil. The moths 
are commonly found sitting exposed on grass stems and plants by day, 
the conspicuous colouring being apparently warning. Until more is 
known, it is impossible to discuss hibernation ; it is noticeable that 
Syntomis sperbius and S. cyssea are, in the plains, common in the cold 
weather both as moths and as larve ; larve have been reared on rabi 
(winter) crops, as well as on kharif (rainy season) crops; it is uncertain 
whether we have some species which breed only in the cold weather and 
some only in the rains, or whether some breed all the year. Develop- 
ment is not rapid and there are probably few broods a year. None 
are known to be pests, though some feed upon cultivated plants. 
Hampson enumerates 1,100 species in the Catalogue of Lepidoptera 
Phalene of which about 100 are “ Indian” and perhaps ten found in 
the plains. 

Psychote duvauceli, Boisd. (Plate XXXIV, fig. 8), isasmall dusky 
moth, with smoky wings and the abdomen with two orange bands, dilated 
towards the apex. Itis common in the plains though rarely noticed. 

IL 28 
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Ceryx, in which vein 3 of hind wing 1s absent, 1s ee 
represented by two species, godarti, Boisd. (Plate XXXIV, fig. 7), wit 
two abdominal yellow bands, the hind wing with a narrow black border, 
and imaon, Chae with a broader black border to the hind wing. 


Syntomis, in which vein 3 of the hind wing is present, 1s similar in 
appearance. S. passalis, Fabr., has seven narrow cupreous bands on the 
abdomen. S. cyssea, Cram., and S. sperbius, Fabr., have each two orange 
bands on the abdomen, the former having a yellow collar, the latter a 
vellow metathoracic patch between the wings. S. cyssea, Cram., and S. 
sperbius, Fabr., have been reared from red brown larvee (Plate XXXIV, 
figs. I-4and9) with dense short tufts of hair found feeding upon 
Sweet-potato, wild Convolvulacee and oats. They appear to be the most 
abundant species in the plains. 


S. passalis, Sulz., is less common but its larva may befound upon 
bean leaves ; the life-history occupies two months and broods succeed 
each other throughout the year. 


Euchromia polymena, Linn. (Plate XXXIV, fig. 6), has broad orange 
spots on the wings, two or morecrimson bands on the abdomen, 
and touches of metallic blue on the thorax and base of each wing. It 


has a reddish larva, with longer tufts of hair at each end, which feeds 
upon wild Convolvulacee, 


ARCTIID. 

Hindwing with vein & anastomosing with 
middle ; then remote from 
vein 5 nearer 4 than 6. 


the cell to near or beyond the 
73 frenulum present. Forewing with 
Hindwing with vein 1¢ absent. 


In xis family we have principally small to moderate sized moths, 
often of bright colouring. The precise object of the bright colouring 
Is not clear since the majority are nocturnal in habit, but as white is 


often the ground colour, making the moths conspicuous in the dusk. 


it may be a form of warning colouring 


The antenne are usually ciliated or }j 


ectinat ' 
and inconspicuous : the probo P nated, the head small 


developed, the palpi commonly 
and hairy or well scaled - wings 


SCls is well] 
short and porrect. The body is robust 
are present in both Sexes - 
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and appearance, the former often distinguishable by the pectination of 
the antenne. The round sculptured eggs are commonly laid in clusters 


Fig. 299—AMSACTA ALBISTRIGA x 2 (I. M. N.). 


upon the foodplant and the moths are often very prolific. Larve are 
commonly hairy, with tufts of long hair or a dense uniform clothing. 
(Plate XXXV.) Five pairsof prolegs are present in all but one 
division (Nolin@) in which the first pair is aborted. All the known 


Fig. 300— AMSACTA ALBISTRIGA LARVA X 2 (I. M. N.). 


larve are herbivorous and the majority feed openly upon plants. 
Pupation takes place on the soil in a cocoon of silk and hair. Moths 
are commonly crepuscular or nocturnal and come to light in many cases. 
So far as has been ascertained, hibernation is passed asa pupa in the 
cocoon in a sheltered place on or in the soil, the majority of the moths 
not emerging until the first heavy fall of rain. There are exceptions 
to this rule, some moths emerging in the dry hot weather and breeding 
then if food is available. The number of broods varies from one 
or two to as many as eight. Several are injurious owing to their very 
great multiplication under favourable circumstances and to their 
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omnivorous — habits : they are the common “hairy caterpillars ” 
which are well-known pests in the plains, especially during the early 
weeks of the rains. The larvae are very extensively parasitised by para- 
sitic Hymenoptera and Tachinide ; there is some reason for believing 
that they are less attacked by birds than the Noctuidee, for instance, 
possibly on account of their hairy covering. 


Hampson in the Catalogue of Lepidoptera Phalene, after separating 
the Nycteoline and placing them in the Noctuide, sub-divides the family 
as follows : Nolin without ocelli, with tufts of raised scales in the cell ; 
Lithosiine without ocelli, without tufts ; Arctiine with ocelli, without 
tufts. Ifthe later classification be followed, the nomenclature and 
arrangement of the family as given in the Fauna of India is of no value 
to the student. The later arrangement 1s adopted here as it is only a 
question of time before a revision of the very useful Fauna of India 
volume will be published. 


Noline.—Small moths, with tufts of raised scales in the forewing. 
Most are hill species, the moths found on trees, the larvee generally feeding 


Fig. 301—Reesera FOLA: LAR 
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ae lichens and having the first pair of prolegs absent. Celama inter- 
ie i WIk. (Nola pascua, Swinh.), occurs in widely scattered localities in 
India, the larva feeding on the Shoots of the plan of the genus Rabe . 
ae 1S boat-shaped, of silk and pieces of plant, SPO: The a 
a aive, the forewing marked and suffused with biciwe the hindwing 
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PLATE XXXV.—Duacrisia OBLIQUA. 
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tinged with fuscous in the female, with yellow in the male. Nola argen- 
talis, Mo., is found in Sikkim, its larva being stated by Dudgeon to mimic 
a Coccid which lives on the same leaves. Reselia fola, Swinh., was found 
by de Nicéville in Calcutta on country almond (Terminalia catappa) and 
he figures it. (I. M. N., V, pl. X). We reproduce his figures. R. ligni- 
fera, Wlk., also occurs in Mhow (Forsayeth), and Dudgeon describes the 


larva as making a cocoon of pieces of rotten wood, bark and interlaced 
long hairs. 


Lnthosiine. Brightly coloured moths, small or moderate in size, 
flying by day or in the dusk. The larva has few hairs and frequently 
feeds on lichens, the pupa being in a thin cocoon of hairs. Ilema vicaria, 
WIk. (Lithosia antica, Wik.), though a hill Species, occurs sparingly in the 
plains, a small moth with narrow wings, lead colour, with a yellow margin. 


Chionema (Cyana) peregrina, W1k., isa white moth with wings banded 
in scarlet, found in the moister parts of India. Asura (N epita) conferta, 
Wlk., is perhaps the most common of the family after Utetheisa. The 
dark-coloured caterpillar, with tufts of hair and orange spots, is very 
abundant in the rainy season, on house walls, paths, verandahs, ete. ; 
it feeds on lichens and often appears in great numbers in towns. The 
moth is orange, the forewings banded with black, the hindwing orange, 
with a terminal black band. Asura (Multochrista) semifascia, Wlk., is 
a small moth, pale yellow in colour, the forewing lined and spotted with 
black. The larva feeds on mosses; it is clothed in black hair, “‘ which 
opens out at the joints when it rolls itself into a ball.” (Hampson.) 


Arctiine. Brightly coloured moths, of moderate size and with stout 
bodies ; the larve have five pairs of prolegs and are clothed in long hair ; 
the pupa is in a cocoon formed of silk and hair. Most are hill species, 
a considerable number widespread through the plains. 


Diacrisia is a large genus with many Indian species. D. obliqua, 
Wlk. (Spilosoma todara, dalberqie, bifascia), is common in and near the 
hills and in forest localities; it is the predominant hairy caterpillar 
of Behar. and occurs, for instance, also at Poona; the larva is hairy, the 
ground colour black and yellow, the long hairs black or black and white. 
(Plate XXXV.) It has as many as eight broods ina year, a single 
generation taking from five weeks in the rains to 24 months in the cold 


weather, though the latter is exceptional. They are found in vast 
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Fig. 302—Amsacra LACTINEA LARVA, FULL GROWN x 2, 


crops. Their larvee are densely clothed in dark hair and appear in swarms 
in the rainy season. The moths may be distinguished by their colouring. 
Amsacta albistriga, Wk. (figs. 299, 300), is recorded from South India, 
where it feeds upon groundnut. (Indian Mus. Notes, V, p. 50.) Creatonotus 
gangis, Linn. (interruptus), is also common, the larva hairy with a yellow 
stripe, the moth pinkish with a broad black fascia on the forewing. 
Estigmene perrotietr, Guer. (Alphwa biguttata), is a beautiful moth, 
the forewing black with a longitudinal white fascia, the hindwing red 
with black blotches, found widely over the moister parts of India. With 
it is L. vittata, Mo., found principally in the Mysore and Nilgiri plateau. 
Pericallia ricini, Fabr., i 
with series of dark Spots wit 
bands. The hairy caterpillar 
IS @ pest to castor and Cu- 
curbitacee, and is general 
over India. Utetheisa pul- 
chella, Linn., ig a common 
Species in the plains, the 
moth flitting about herbage 
in the day. [t is Widely 
Scattered over the old world. 
The brightly coloured 


Fig, 303—AMSACTA LACTINEA (I. M. ory 
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caterpillar feeds upon Sann Hemp and wild Crotalaria. (Agric. Journ. 
India, Vol. I.) Rhodogastria astreas, Dr., occurs widely spread through 
the hills and plains. The larva is green with few hairs and series of 
black spots ; the moth is noticeable by the hyaline wings clouded with 


fuscous at the margins. 


Fig. 304A—AMSACTA MOOREI X 2. 


Collecting.—In this group what is most required is careful study of 
larve, their food habits and their times of occurrence. There is a great 
deal to be learnt about this family, which is an important one, and every 
opportunity of rearing new larvee should be seized. The foodplants are 
varied and require careful observation. The number of broods is a very 
important point as this is a family which apparently reacts very 
markedly to climatic influences ; a great mass of information is required 
before we can be in a position to generalise on this point, and much inter- 
esting work has to be done. Each species must be studied distinctly 
and in detail andevery capture and date will ultimately be valuable. 
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Antenne dilated towards the apex: Hindwing with vein 8 
anastomosing with the cell at base, then remote, vein le. 
absent. Forewing with vein 5 nearer 4 than 6. 


A small and unimportant family of moths, mostly of moderate <17e, 
found flying by day. They are, as a rule, brightly coloured and resemble 
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Noctuide. The larve are clothed with long scattered hairs and hav 
lateral tufts; the pupw are naked, without cocoon. None are of any 
economic importance. Hampson enumerates six genera and 34 species 


as Indian, of which 5 are not confined to the hills. 


Hasula (Kusemia) victriz,Westw., occurs in North-West India and 
Burma. It is a large moth, the forewing black, spotted with blue and 
yellow, the hindwing blue and black. Husemia adulatrix, Koll., is 
common throughout the hills of India. The black forewing is banded 
with yellow and has blue spots at the base ; the hindwing is black with 
red or orange spots. The genus Zalissa is by Hampson placed in the 
Noctuids in the new volume. Aegocera venulia, Cram. (Plate XXXIV, 
fig. 5), and A. bimacula, Wlk., are the common plains species; the 
palpi are clothed with long hair, the antenne dilated, the forewing is 
red-brown with a light median Streak. 


Nootuipa. 


Antenne not dilated, hindwing with vein 8 anastomosing with the cell 
at base then diverging, 1c. absent. Frenulum present. Forewing with 
5 from nearer 4 than 6 Moths with short robust bodies ; moderate 
anienne, which are pectinate in the males of a few, usually simple or 
ciliate. The forewing is stuff and narrow, the hindwing larger. Colours 
usually sombre. 


Some have the form associated with other families. The antenne are 
moderately long, usually simple 


labial palpi are prominent and a 
fad > IN Some very large and conspicuous. The probos- 
cls 18 usually present. The thorax is robust and densely scaled or hairy, 


ee ebdomen short thick and evenly tapering, clothed in hair and 
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PLATE XXXVi.—Nocrvipa. 


Zalissa venosa. Larva full-grown. 
Larva, 2nd and 3rd abdominal segments. . 
with cocoons of braconid parasitic 
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often tufted. The legs are of moderate size, the tibiae often with spurs 
and spines. Males are distinguished by many minor characters such 
as the pectination or ciliation of the antenne, the presence of scent 
diffusing hair-tufts on wings or legs and rarely by the different 
colouring ; females are usually the larger. 


The life-history in all is uniform in general characters. The eggs are 
round and the micropyle is at the top ; most are a pearly white or dull 
green, beautifully ribbed and sculptured; they are laid singly or in 
clusters on the foodplant, the clusters sometimes covered with hair. The 
larvee have three to five pairs of prolegs, the first two pairs being reduced 
in some sub-families when the motion approaches that of the true looping 
caterpillars ; these larvee are known as semi-loopers and it is worth note 
that the first two pairs of prolegs are proportionately less developed in 
the young than in the old larva. The hooks on the prolegs are arranged 
in two opposed lines and not in a circle. As a rule, the larve are not 
clothed in hair, nor do they have long processes. The typical larva is 
smooth with regularly disposed short hairs and a dull brown or green 
colouring. (Plate XXVIII, figs. 2,5.) With very few exceptions they are 
herbivorous, a few boring in plants, the majority living on leaves. 
Eublemma is the sole genus known to include larve which habitually 
feed on mealy bugs, but many leaf-eating larve are cannibals if 
confined with insufficient food. 

Pupation takes place in the soil with no cocoon, but a case of consolid- 
ated earth, on the surface with a cocoon and leaves, or, more rarely, on 
plants in a cocoon. The imago is nocturnal, emerging at dusk. Hiber- 
nation, when it occurs, takes place normally in the resting larva or pupa 
stage, afew living through the winter in hiding asimagines. Some are 
active through the winter, especially in the moister parts of India, but 
the majority have food only in the rains. A number emerge as Imagines 
in March and live until the rains if their foodplant is not available. Little 
is known as to the food of the imago, but it is certain that some feed on 
nectar, on fruit juice and on the sap exuding from plants. Some (e.g., 
Ophideres) are habitual feeders on the juice of fruits, piercing the rind with 
their proboscis to obtain the juice. In some reproduction is very rapid 
and the number of eggs laid totals hundreds and in some cases thousands. 
The smaller forms destructive to crops have several broods yearly, the 


larger forms and wild forms only one or two. 


tk2 LEPIDOPTERA. 


A considerable number have a large number of foodplants, seis 
cultivated plants, and these often become injurionsly abundant. The 
pests fall into several series, as pests, including the seed-eating species, 
the surface caterpillars, the swarming caterpillars and leaf-eating cater- 
pillars. None are household or grain pests. These insects have many 
enemies, notably the parasitic Hymenoptera and Diptera. These para 
sites can very commonly be reared from the larvee or pupee and constitute 
a very important check without which the crop feeding species would 
be far more frequently injurious. Predaceous insects (e.g., Carabidae) 
also attack the larvae, and the fossorial Hymenoptera carry them off to 
store for their young. Birds, especially Mynas, attack the larve, and the 
moths are probably destroyed by birds and bats. 

The family is a very large one, Hampson listing more than 2,000 
Indian forms, the majority of which are from the hills. The number of 
species actually generally distributed outside the hill and forest areas is 
probably within 300, but these have not been as carefully collected. 
About fifty are known as crop pests or feeders on cultivated plants and 
this number will probably be increased. 


Hampson in the Fauna of India divides them into nine sub-families. 
In his more recent Catalogue of Lepidoptera Phaleene, wherein he lists 
the species of the world, the classification is revised and fifteen sub-fami- 
lies are recognised. While this is probably a more natural classification, 
it is as yet incomplete, and as the nomenclature formerly used differs 
markedly from that now being published, the revised nomenclature is 
used, when possible, with the old in a bracket, thus admitting of reference 
to the volumes on the Fauna of India ; the sub-families adopted are those 
of the Catalogue, and we have followed Dudgeon* in placing the genera 
in their sub-families. 
KEY To THE SUB-FAMILIES, 
A. Maxillary palpi absent. 
B. Hindwing with vein 5 obsolescent from or 
from just below middle of discocellulars. 
C. Mid and hind tibie, or hind tibiz 


only spined Agrotine 


* We have to thank 
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C.C. Mid and hind tibie not spined. 


D. Hyes hairy .. 2 e .. _Hadenina. 
D.D. Eyes not hairy. 
Kyes with long overhanging cilia ..  Cuculliane. 
Kyes not ciliated 4 ..  Acronyctine. 


B.B. Hindwing with vein 5 well Pom lnneth 
C. Hindwing with vein 5 more or less approxi- 
mated to 4 at base. 
D. Frenulum of female simple. 


Abdomen with lateral anal pencils of hair..  Luteliana. 
Abdomen without anal pencils of hair; forewing 
with tufts of raised scales in cell ..  Stactopterine. 


D.D. -Frenulum of female multiple. 
K. Retinaculum of male bar-shaped. 
Forewing with tufts of raised scales in cell Sarrothripine, 
Forewing without tufts of raised scales in cell Acontiane. 
K.E. Retinaculum of male not bar-shaped. 
F. Mid tibie spined 
F.F. Mid tibie not spined. 


G. Eyes hairy .. a z ..  Momine. 
G.G. Eyes not hairy. 


Catocaline. 


H. Eyes with long overhanging cilia ..  Plusiane. 
H.H. Eyes not ciliated. 
Hindwing with vein 5 from close to lower angle 


of cell, strong % a ee Noctuine. 
Hindwing vein 5 from well above angle of cell, 
rather weak ; ..  LHrastriane. 
(.C. Hindwing with vein 5 petite ts ne ..  Hypenine. 
A.A. Maxillary palpi present Ay £3 Hyblaeine. 


As the further classification is based on venation, necessitating the 
preparation of wings, and requiring more study than is desirable, the 
venation has been disregarded and reference to it omitted. For accurate 
identification, the venation must be made out and it is not the purpose 
of this volume to enable species to be identified. The student of the 
family will find this in the two works mentioned above and, unless the 
family is to be very closely studied, it is advisable not to attempt to 
identify a species solely from the data available in those volumes, and 
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i ete: nuch must be 
without a reference collection. With so large a cialetet ly which 
Rie which are 
omitted, and we have selected for mention those species only 


Big. 305 —CHLORIDEA OBSOLETA PUPA AND MOTH- x 2, 


likely to be found as crop pests, which are found feeding on common 
plants or which are striking and likely to be noticed. 


Agrotine.—Hampson lists 1,200 species, of which about a tenth are 
Indian in the very broadest Sense, 7.e., reach some part of the Himalayan 
region of British India, A very small number get beyond the Himalayas 
Southwards into India proper, these occurring principally in hill locali- 
ties such as the N ilgiris and Western Ghauts. The proportion of pale- 
arctic species ranging completely across Northern Kurope and Asia is 


very striking and a number of these extend into the Himalayas and rarely 
into submontane districts of India. 


Chloridea (Heliothis) includes three species common in the plains. 
C. obsoleta, F. (armigera), is olive-grey or reddish brown, with the post- 
medial line indistinct and dentate, (, assulta, Guen., is orange to orange- 
brown, with a strongly marked postmedial line that is hardly dentate ; 
C. peltigera, Sch., is ochreous to crange, witha black sub-terminal point 
above the tornus. The first is the universal pest known as the Ameri- 
can bollworm. It is an omnivorous Insect, whose life-history is elsewhere 
described in detail. The Second is a legs abundant species, feeding on 
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tobacco and tipari in the plains. The third is European and recorded 
from scattered localities in India. 


Adisura (Chariclea) marginalis, Wlk., is a pretty pink and yellow 
moth common in the plains. A. atconsoni, Mo., is also common, but has 
apparently not been reared. The genus Agrotis as it stands in the Fauna 
of India is now divided on structural characters, the majority falling into 
Agrotis and Euxoa. The former includes A. ypsilon, Rott., the “ Uni- 
versal Greasy Cutworm” and the very common A. flammatra, Fabr. 
Both species have a curious habit of hiding in sheltered spots in houses 
in the cold weather, and the latter especially is found in thatched roofs. 
[In March the moths emerge, and when my office was in a thatched barn, 
living flammatra moths used to fall out of the thatch, tightly wrapped 
in a clothing of spiders’ web ; apparently the moths hibernated there, 
were spun up by spiders, woke up in March and in struggling to escape 
fell out of the thatch. Agrotis c-nigrum, Linn., and A. descripta, Brem., 
also breed in the plains but rarely. (Plate XXXIV, figs. 10, 11.) 


Euxoa includes EF. segetis, Sch. (suffusa), E. corticea, Schiff., and 
E. spinifera, Roth. (biconica), with other less common species. The larvee 
of these behave as Surface Caterpillars, just as the larva of 4. ypsilon Rott., 
does; all are figured in the Agricultural Journal, Vol. II, p. 42, and in 
Memoirs of the Agric. Dept., Entom., Vol. I, No. 2. 


Hadenine.—Hampson lists 946 species in the world of which over 
120 are “Indian.” Nearly all of these are species occurring in Central 
and Northern Asia, which extend into the Himalayas and rarely into 
the Khasis. A few are peculiar to India and Ceylon, while a few range 
over the Indo-Malayan or Indian and Indo-Chinese area. Glottula 
dominica, Cram., is a dull brown moth, the forewing with a series of 
sub-marginal lunules, the hindwing white. The larva bores into the 
fleshy leaves of lilies and is black, thickset and warty, spotted with 
white, the head, legs and two ends of the body marked with red. It is 
a conspicuous insect with apparently warning colouring. Polytela 
gloriose, ¥., has a somewhat similar larva, but smooth, and slightly 
differently marked. It feeds upon the leaves of Amaryllids and the 
moth is blue-black, with orange specks, the hindwing alone fuscous, 
with orange cilia. It is a pretty and striking insect with more beauty 


than most of its family. (Plate XXXIV, fig. 12.) 
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Cirphis (Leucania) includes two very common kein known is 
pests in the plains. C. wnipuncta, Haw., 1s the destructive Army worm 
of world-wide distribution, whose larvee feed upon rice, maize, juar and 
other crops, occurring often in very great abundance. There 18 a 
voluminous literature regarding this insect, one of the best accounts being 
Tryon’s (Queensland Agric. Journ., 1900, p. 135). He states that the 
moth lays 500 to 700 eggs, there being two broods yearly in Australia 
abundant enemies and parasites check its excessive multiplication nor- 
mally. The larva may be known by the plate over the base of each 
suckerfoot, a character not found in other Indian injurious Noctuids. 
C. loreyi, Dup., is also found upon cereals, but the larva occurs also under- 
ground, feeding upon the roots of plants or coming outat night to feed. 
C. fragilis, Butl., is reported as having been destructive to wheat in 
Chindwara, but has not been found since that time as a pest. 


Borolia is most commonly represented by B. venalba, Mo., whose 
larva feeds upon rice leaves. 


Polia (Hadena) is a large genus of moths superficially like Agrotis. 
but with hairy eyes and tufts on the abdomen. P. consanguis, Guen.> 


Fig. 306—Evuscorta SP. LAR 
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with several varieties, iscommon and has been reared from pups found at 
the roots of trees. 


Cuculiine—Hampson lists 50 out of 590 species as Himalayan, 
Khasi Hills or Kashmir. One only extends further South, Huscotia 
ineatricata, Mo., being found in the Nilgiris and Himalayas. We have 
one other and apparently undescribed species or variety reared at Pusa 
on Ocimum canum. 


Acronyctine. Euplexia conducta, Wlk., feeds on Niger seed, Jute, 
Safflower and on Coreopsis. It 1s not uncommon on the former plant. 
The smoky form dolorosa feeds on Kakaronda (Blumea balsamifera). 
E. melanospila, Koll., is a moth of varied markings with dark green 
and dark brown ground colour, common in the plains. £. indistans, 
Guen., has been reared from larve found in the soft bark of the Gular tree 
(Ficus glomerata), whither they had retired to pupate. Others were 
found under the bark of teak. 


Mudaria cornifrons, Mo., is a grey moth with fuscous markings dis- 
tinguished by the possession of a three-pointed chitinous process on the 
frons. Its larva is commonly 
found feeding in the pods of silk 
cotton (Bombax malabaricum). 
It “ hibernates ”’ as a pupa from 
May or June to the following 
March, in the soil; this has been 
conclusively proved by actual 
breeding in the Pusa insectary. 
Prodenia littoralis, Boisd., is 
widely distributed and commonly 


oe 


destructive ; its foodplants include 
a great number of wild and 
cultivated plants. (Mem. Dept. 
Agric., Ent., Vol. I, No. 2.) The 
larva, up to the last instar, may 
Fig. 307—MUDARIA CORNIFRONS, be known by the transverse 


raised black band across the first 


abdominal segment above. A full account is given in Mem. Agric. 


Dept. Ind., Ent., Vol. II, No. 6. 
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Spodoptera mauritia, Boisd., is a grey and black moth with a blotch 
of white on the forewing, distinguished by the immense tufts of hair on 
the forelegs of the male. The larva feeds on rice, grasses and millets: 
appearing sometimes in great abundance in the rains and soon after. 
It is often obtainable on dubh grass (Cynodon dactylon) lawns, with other 
noctuid larvee. Berresa turpis, Wlk., is a smaller dark-coloured moth, 
most easily recognised by the vesicle in the cell of the male forewing, 
covered by a tuft of scales below ; itiscommon at the close of the rains. 
Amyna selenampha, Guen., and A. octo, Guen., are deep brown, with 
slender upturned palpi and tapering abdomen, found under trees. The 
larva of the latter has been reared on sweet potato, a green larva with 
two black crescents on the thorax above. The former is recorded by 


Green as a serious pest to the Croton Oil plant in Ceylon. 


Callopistria recurvata, Mo., is the only common species of the number 
found in India; the male has curiously curved antenne with three 
spatulate hairs at the curve, the legs also densely clothed with long 
hair. 


Caradrina is a genus of many species, of which one is abundant 
and destructive. This is the cosmopolitan C. exigua, Hubn., a very 
widely distributed species, destructive to a number of crops but partic- 
ularly to indigo in its young stage. (See Agric. Journ., India, Vol. I, 
pt. IV, for a full account.) This moth is like a small Huxoa segetis, but 
has no spines on the legs. Caradrina pecten, Guen., was reared from 
larvee found in the dubh grass onalawn and Is apparently common. Th 


larva is brown and orange with black stripes, the pupa, as usual, in the 
soil. ) 


, Nonagria uniformis, Ddgn. (Plate XXXVII, fig. 7), has been the 
subject of much inquiry, since it is the important stem-borer of wheat 
in the cold weather; it then attacks Sugar-cane and injures the young 
shoots and canes ; it has been reared in maize, 
finally, it severely attacks rice. 
ing in the open. The moth is 
in the Fauna of India, but w 
ferens was probably confused 


guinea grass and juar, and, 
The pink caterpillar is a borer, not feed- 
dry-grass colour ; the species is not recorded 
as described since, and the species N. in- 
with this, since the specimens in the Indian 
tion, from which it was described, are all] 


Stated by Mr. Dudgeo is 
y I geon to be his Species, N. uniformis. 
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PLATE XXXVIT.—Nocruips, 


Tarache tropica, larva, 


” 99 pupa. 
iy, rp moth. 
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5  notabilis, larva, 
Plusia daubei, 

Nonagria uniformis, 

_ Eublemma amabilis. 
Acontia intersepta. 
Plusia orichaleea. 

»  agramma, 
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Euteliine.—A single genus, Hutelia, is common in our limits with 
four species, H. delatriz, Guen.; EH. jocosatrix, Guen. ; L. nugatrixz, Guen. :; 
EF. favillatrix, Wik. 


Stoctopterine.—Risoba obstructa, Mo., feeds on Quisqualis indica 
and is common in the plains. Odontodes aleuca, Guen., is a deep brown 
moth, with black stipples and a crenulate margin to the forewing, found 
generally in the plains. 


Sarrothripine.—The wings are commonly narrowed at the base, of 
even width otherwise, with patches ofraised scalesonthem. The palpi 


Fig. 308—PLOTHEIA CELTIS LARVA, COCOON AND 
PELLETS, COCOON, IMAGO. (I. M. N.) 


are porrect or upturned. Plotheiaceltis, Mo.,is asmall grey-brown moth 
with a spiral dark line on the forewing. Its larva feeds on the leaves of 
litchi (Nephelium litchi) and gular (Ficus glomerata) ; itis rather sparsely 
clothed with long grey hairs which project over the head and tail and from 
the sides ; arough silken cocoon is formed on the soil covered with excre- 
ment ; the life-history is rapid, less than one month in June. De Nicéville 
records it also (Ind. Mus. Notes, V, p. 108) as feeding on the leaves of 
Terminaliacatappa, the country almond, and Gmelina arborea. Another 
species, P. nephelotis, Meyr., has been found feeding on the leaf of 
Brinjal (Solanum melongena) and this appears to be a common plains 
species. The larva is short and thickset, dark coloured with brilliant 
yellow spots and long hairs. It turns the edge of the leaf over and lives 
within. 
IIL 29 
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Chlumetia transversa, Wik., is worth mention as de Nicéville records 
it (Ind Mus. Notes, V, p. 125) as boring in the shoots of mango at Dehra 
Dun. Itis found in this habitat alsoin Bombay and has once been reared 
on litchi leaves with a batch of Plotheia celtis. Cletthara sceptica, Swinh. , 
isa small grey-black speckled moth, whose green semi-looping larva was 
reared from velvet beans. It appears to be rare. 

Acontiine.—Acontia includes larger moths of a yellow colour 
(Plate XXXVIT, fig. 9) whose larve are found on cotton, bhindi (Hibis- 
cus esculentus) and other Malvacee. The larve are green with white 
spots and short hairs, having three pairs of prolegs. Four species are 
mentioned, all occurring commonly, A. malve, Ksp., A. transversa, Guen., 
A. intersepta, Guen., and A. grellsii, Feisth., though we doubt their real 
distinctiveness. The larva of Carea subtilis, Wlk., has been reared on 
the Jamun tree (Eugenia jambolana); it has a curious voluntary dilata- 
tion of the first thoracic segment, which gives it a quaint appearance. 
It pupates under the bark in a cocoon of beautiful white silk. 


Callyna jugaria, Wlk., is a beautiful moth, the forewing deep purple 
with greyish lines and an apical light spot, found throughout India, 
though rarely. 


Catocaline—Anisoneura hypocyanea, Guen., is the large deep brown 
moth with many dark markings which emerges in June and is found on 
the bark of trees in the rains and flying in the dusk. It has an expanse 
of 35 to 5 inches, and is most beautifully coloured in deep brown and 
black to harmonize with the bark when both wings are spread fully out. 


Nyctipao includes large deep-coloured moths up to five inches in 
expanse, with posterior tibis spined ; the large ocellus-like markings 
[ene pee tH forewing are very striking. 

i Four species are found, N. mac- 
rops, Linn., N. hieroglyphica, Dr., 
N. caprimulgus, F., and N. crepus- 
cularis, Linn. The male of the 
first is characterised by animmen- 
se tuft of buff flocculent hair in a 
costal fold of the hindwing. 

Remigia includes two moths 
Fig. 309—Remiara ARCHESIA. of moderate size, brown with 
variegated lines.  R, archesia, 
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Cram., is deep brown, its larva is yellow-green with broad black 
stripes and attains a length of two inches; the foodplants include 
such cultivated leguminose as Urid (Phaseolus mwngo) and indigo. 
It is one of the many caterpillars found upon indigo in the rains and 
is sometimes extremely abundant. R. frugalis, Fabr., is greyer and 
less distinctly marked ; the brown larva lives on rice, juar and other 
Graminez, pupating in a cocoon surrounded by leaves. It is a common 
insect, not known to be often injurious. T'rigonodes hyppasia, Cram., 
is readily recognised from the very distinct markings; the yellow 
semi-looping larva feeds on indigo and other leguminose, with Remigia 
archesia. The moths are often extremely abundant in long grass and 
are found at almost all times. 7. cephise, Cram., though recorded only 
from Burmah, is found in India. 


Fig. 310—REMIGIA FRUGALIS. 


Fig. 311—TRIGONODES HYPPASIA. 


Grammodes geometrica, F., is closely allied, the markings distinct 
and recognisable, found also in grass; the larva feeds on rice. @. stolida, 
F., a smaller moth is also found, though more rarely. Spirama retorta, 
Cram., and S. vespertilio, Fabr., are large dark moths with the pecu- 
‘inverted comma” marking on the forewing. In the former the 
female has the ground colour ochreous, the male having the forewing 
wholly dark. This insect appears in the hot weather. 


liar 


Ophiusa is a large genus of moderate-sized moths with upturned 
palpi, the tibiee fringed with long hair in the male. The larva is semi- 
looping, with the first or first two pairs of prolegs obsolescent and with a 
double process on the hind end of the body. There are several common 
species, the most abundant being O. melicerte, Dr., the common pest of 
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castor which also feeds upon the common weed, dudht (Huphordva pilulr - 
fera. For afullaccount seeMem. Agric. Dept., Ent., Vol. If, No.3. 0. 
algira, Linn., also feeds on castor but appears to be rarer. Other common 
species are, O. serva, Fabr. ; O. libata, Fabr. ; O. palumba, Guen. ; O. 
dotata, Fabr.; O. mejanesi, Guen. ; O. arcuata, Mo.; 0. joviana, Cram. 
(feeds on Phyllanthus) ; O. arctotenia, Guen. ;O. analis, Guen. ; 0. crameri, 
Mo. ; O. onelia, Guen. (feeds on Phyllanthus) ; O. coronata, Fabr. (feeds on 
Quisqualis, and has the hindwing orange) ; 0. trirhaca, Cram. (hindwing 
orange, feeds on guava); O. honesta, Hubn. (hindwing crimson) ; and 
O. fulvotenia, Guen., in which the male has the mid tibia cleft and 
filled with scales. The larva of O. coronata, Fabr., is very striking, a 
very long grey-brown larva with two tiny oval tubercles, which clings 
tightly to the shoots, pressed closely against them and so being very 
difficult to see. The first we found was due to a mynah jumping from 
the ground and snapping one off a Quisqualis bush. 


Homoptera is similar, the male with heavy tufts of hair on the fore 
tibie. It includes the two common species, H. umbrina, Guen. (Plate 
XXXIV, fig. 13), and H. glaucinans, Guen. : Forsayeth (Trans. Ent. Soc., 
1884, p. 379), reared these species and his paper may be consulted. 


Momane comprises the genus Moma, not included here. 


Plusiine. Plusia isa large genus of which several species occur 
in the plains, some as pests. The discrimination of these species is a 
matter of difficulty as the markings are closely alike in a large number 
of species. (Plate XXXVIL)_ P. orichalcea, Fabr., is distinguishable 
at once by the large brassy patch on the forewing, occupying the 
centre up to the outer margin. The larva feeds on Cruciferous plants 
and is common in the cold weather ; it is green with a marked lateral 


white line and conspicuous black spines. P. agramma, Guen., is nearly 


uniformly coloured in grey-brown, the forewing with dull bronzy 
reflections. The larva feeds on Cucurbitaceous plants. (Plate 
XXVIII, fig. 13.) The remaining species have the ‘“‘ Y” mark in 
some form on the forewing and cannot be identified save from a 
comparison of specimens. P. limbirena, Guen., feeds upon indigo in 
ee (Ind. Maus. Notes, V, p. 162.) P. ni, Hubn., is not uncommon 
feeding upon opium, cabbage and safflower. P. signata, Fabr., feeds 
on cabbage and is an occasional pest. P. chalcytes, Fabr. crs 
Doubl.), is common, the green larva feeding on mint and on viltieate 
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pulses and Sann hemp. It is said by Hampson to feed on Ficus ; 
Grote reared it on - Geranium. P. mgrisigna, Wlk., feeds on 
gram, lucerne and peas and is a common pest. P. daubei, Boisd, 
has been found feeding upon mint, the larva dull brown in colour. 


_ Noctuine—Arcte cerulea, Guen., is a dark moth with blue on the 
wings, the male with a long fringe of hair on the inner margin of the 


De spl 


Fig. 312—ARCTE C@RULEA LARVA. 
(From Hampson.) 


hindwing. We figure the larva from Hampson. Sphingomorpha 
chlorea, Cram., will be mistaken for a hawk moth, a large moth with 
iong narrow body and forewing. The palpi are upturned, the third 
joint long and slender ; Forsayeth reared the larvee on an Acacia, 
and describes them as green, with white marks and a bar of orange 
and blue which can be concealed. Polydesma includes moths of 
moderate size, found in grass or on the bark oftrees. P. quenavadi, 
Guen., has been reared from caterpillars, found in bark. Other common 
species are P. umbricola, Boisd.; P. spissa, Guen.; and P. imangulata, 
Guen. 


Cosmophila is an important genus with four common species. C. 
mesogona, Wlk., is dark red-brown in colour with very slight markings. 
C. sabulifera, Guen., is distinct with some doubt; its colouring is very 
varied. Thesemi-looping larva is found on jute during the rains. (Agric. 
Journ., Vol. II, p. 109.) C. fulvida, Guen., is stated to have a larva with 
four pairs of suckerfeet that feeds on Waltheria indica. It has been found 
on Abutilon avicenne, a green caterpillar with the first prolegs reduced 
in size ; pupation takes place in a leaf folded over with silk. OC. erosa, 
Hubn., is common asa green semi-looping larva on cotton and malvaceous 
plafts; the male moth is darker in colouring than the female. (Plate 
XXXVI, figs. 7, 8.) The semi-looping larva is a common pest of cotton, 
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Malachra capitata, bariar (Sida rhombifolia) and some other plants during 
the rains. 

Zalissa venosa, Mo., is found breeding upon the common creeper 
panchanjuria (Vitis trifolia) ; we figure the larva which is not common 
but may be found in the rains. This species is in the Fauna placed in the 
Agavistide. (Plate XXXVI.) Trisula variegata, Mo., has an expanse 
of three to five inches, and is red-brown with dark markings. The larva 
is stated to be red-brown with numerous blue warts clothed with rather 
sparse tufts of long hair ; it feeds on the pipal (Ficus religiosa), and the 
cocoon is covered with stones, excrement, etc. (Hampson.) Frygia has 
very slender palpi almost naked; 2. apicalis, Guen., is common, a small 
moth of dark red-brown colour. Lacera alope, Cram., is dark reddish 
with grey markings; the larva is known from Ceylon and is green with 
two anal tubercles. Hamodes aurantiaca, Guen., is a moth of an orange 
brown colour, the forewing produced and with an oblique line from the 
apex across both wings. At rest it very closely resembles a dead leaf 
and is found in wooded places. 


Ischyja manlia, Cram., is a large dark brown moth, the smaller male 
with dark blotches on the forewing, both sexes with a conspicuous blue 
band on the hindwing. It is not uncommon as a moth during the rains. 
Spiredonia 1s smaller with two common species, S. anops, Guen., and S. 
jeducia, Stoll. Hylodes caranea, Cram., is brown, with a light band across 
the ends of the wings. The green larva, which has two anal tubercles, is 
sald to feed on Acanthads. Catephia linteola, Guen., is larger, the male 
with heavily tufted fore femora and tibie, which are absent in C. 
acronyctoudes, Guen. C. inquieta, Wlk., was reared from larve feeding 
upon sweet potato in Behar. It is not uncommon in Bengal generally 
upon this crop; the caterpillar is grey with bright vermilion stippled 
stripes, a yellow lateral line and, at the hind end, a single round white 
spot on the dorsal surface. (Plate XXVIII, figs. 4, 5.) 


| Sympis rufibasis, Guen., is stated to feed on the litchi (Nephelium 
litchi), the pupa found in the rolled end of the leaf (Moore). Plecoptera 
reflexa, Guen., is a small grey moth abundantl 
near SIssoo trees (Dalbergia SissU) 
pairs of suckerfeet reduced ; it fe 
the bark or on the 


y found in long grass 
- The larva is green, the first two 
| eds on the leaves of sissoo, pupating in 
soil among fallen leaves. Acantholipes pansalis, 
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WIk., is a small dull brown moth found abundantly in long grass and 
under trees. 


Ophideres is a large genus of large ‘ yellow underwing’ moths, with 
several species common in the plains. The moth sucks the Juice of fruit 
and at least one species (O. fullonica, Linn.) is destructive to orange 
cultivation on that account. The common species are O. salaminia, 
Fabr. ; O. ancilla, Fabr.; O. fullonica, Linn. ; O. materna, Linn. ; and O. 
hypermnestra, Cram. The student should see Moore’s revision of Ophi- 
derinz (Trans. Zool. Soc., XI, p. 63) where he figures imagines and larve. 
The latter are large dark coloured insects, smooth with large yellow and 
red eye spots and are humped semi-loopers. In spite of the large size 
of the caterpillars, they are seldom found; the larve of O. materna 
are dark brown, with blue transverse bands, red spots on the thorax 
and red transverse bands on the second and third abdominal segments. 
Pupation takes place among dry leaves fastened with silk. The moths 
are typical examples of the deceptive colouring found in many Noctuids, 
the forewings being cryptically coloured, the hindwings bright, the 
moths resting with the latter covered and only exposing them in flight. 
(Compare with Anisoneura.) 


Thermesia rubricans, Boisd., varies in colour from light ochreous 
brown to deep red brown; its larva is green, semi-looping, and feeds 
upon Urid (Phaseolus mungo) and other Leguminose, being often 
abundant in the rains. 


Erastriine. Hyelopsis signfera, Wlk., is a pretty little white and 
brown moth, whose green semi-looping larva has been found feeding on 
rice leaves. The full-grown larva folds the rice leaf over in three folds 
and makes a cocoon within this, the pupa wriggling half out for the 
emergence of the moth. 


Tarache is an important genus, its larvee being semi-loopers feeding 
on weeds and cultivated plants, the moths in all cases sitting exposed on 
plants and having a more or less close resemblance to bird droppings. 
Five species are known in the plains. 7. catena, Sow. ; T. opalinoides, 
Guen. ; and 7’. notabilis, Wik., are pure white moths with lead coloured 
markings on the forewing. The last has a conspicuous larva with six pro- 
minent yellow spots, which feeds on cotton and wild Malvacez, appearing 
occasionally in great abundance. 7. opalinordes, Guen., has been reared 


we) 


“ED Om os WO 


PLATE XXXVIII.—-Earias. 


Larva of £, insulana. 

An attacked boll. 

An attacked shoot of cotton. 
£. insulana, 

Larva of Z. insulana. 


- £. insulana, yellow variety. 


E, chromataria 
Ee fabia. 
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feed upon Coccide. Green in Ceylon found £. coccidiphaga, Hmpsn., 
feeding upon mealy bugs; in India HE. amabilis, Mo. (Plate XXXVI, 
fig. 8), feeds upon the lac insect (Lachardia lacca) and at least two other 
species, E. cretacea, Hmpsn. (Plate XXXVI, fig. 9), and H. cocerdiphaga, 
Hmpsn., feed upon mealy bugs. The commonest species are L. olwacea, 
Wlk., the forewing white with olive-green suffusion, whose larva bores 
in the green shoots of the brinjal (Solanum melongena) and wild Solana- 
cee ; E. rosita, Guen., ochreous with the outer half of the wing pink ; 
E. divisa, Mo., bright yellow with the outer half of the forewing bright 
pink ; E. hemirhoda, Wlk., differing from the last in its sub-marginal par- 
tial ochreous band, and EL. abrupta, Wlk., which is red-brown, its larva 
found upon fig trees. The common species which may be reared upon 
the cotton mealy bugs (Dactylopius nipe) is an undescribed species. 
E. trifasciata, Mo., has been reared from caterpillars boring into the 
pods of a species of Rivea and E. parva, Hubn., from caterpillars feeding 
on Kakaronda (Blumea balsamafera). 


' Zagira includes two common moths, in which the colour is dark but 
a broad light band crosses the thorax and occupies the costal half 
of each forewing. Z. irrecta, WIk., in which the colour is red-brown 
and Z. divisa, Wlk., in which it is nearly black are both to be found in 
herbage in the plains. 


Hypenine (Deltoidine)—These moths are recognisable by the 
sickle-shaped palpi, curving up to the front of and over the head. 
Raparna includes R. digramma, Whk., R. ochreipennis, Mo.; and R. 
imparata, Wik.; which are more or less common in the plains; de 
Nicéville records finding R. nebulosa, Mo., in abundance on indigo 
in Chumparan and in fact stated it to be the commonest indigo 
caterpillar in the rains. As it is recorded only from Sikkim and 
Bhutan and has not since been found on indigo, this observation 


requires confirmation. 


(Focilline). The palpi are sickle-shaped and long, or are porrect ; 
a frontal tuft is usually present in the latter case. Simplicca robustalis, 
Guen., is a brown moth with the palpi curved over the head, the male 
antennx with a tuft of scales at the middle. It has been reared from 
a brown caterpillar which feeds on dry fallen sissoo leaves (Dalbergia 
sissu) ; it is a semi-looper, pupating in a light cocoon among leaves or 
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Nodaria extremalis, Guen., has similar but shorter palpi, 
and a narrower forewing. Dichromia erosia, Cram., has porrens palpi ; 
the hindwing is orange, the forewing grey with Ss large black triangular 
patch. Rhynchina has porrect palpi, the forewing narrow and aquie- at 
the apex. R. abducalis, Wlk., is the most common, the forewing with 
a long dark patch bounded below by an oblique light line running from 


on the soil. 


the apex. 

Hypena is a large genus of seventy species, the palpi porrect sae of 
varied length. H. lividalis, Hubn.; H. iconicalis, WIk.; H abyssiniahs, 
Guen. : H. indicatalis, Wik., are the most widespread species; the identi- 
Fionn of these and the other forms is possible only if a long series of 
specimens is available or if they can be compared with accurately identi- 
fied specimens. A species was reared by de Nicéville on indigo in Cham- 
paran (I. M. Notes, V, p. 163). 

Hybleina—Hyblea puera, Cram.; and H. constellata, Guen., are 
common where teak (T'ectona grandis) grows, their larve defohating 
this tree ; the life-history of the former is fully described by R. 8. Hole. 
(Journ. Bo. Nat. Hist. Soc., Vol. XV, p. 679.) 


COLLECTING.—Most noctuids are nocturnal and many can be 
captured at light, some come to sugar (a mixture of treacle or syrup 
and spirit) and some to ripe fruit. Numbers can be caught in thick 
grass, on tree bark and in similar situations by day. There is a large 
field for rearing as only a small percentage are known from the larva 
and they are, as a rule, easily found and reared. Large numbers of 


species are as yet undescribed probably and large collections can be 
made anywhere in India. 


PTEROTHYSANIDA. 


Frenulum absent. Hindw 


; ing with vein 8 approximated to 7 at 
middle of cell. 1c. absent. 


Forewing with vein 5 nearer 4 than 6. 

This family consists of a single genus ( 
found in Assam and Burmah with five doubtful species. They are large 
diurnal Insects, with small upturned palpi, simple antenne, and long 
hair fringes tothe hindwings. The colouring is vivid black with white 
and pink blotches on the wings. The larva is unknown and the moths are 
not Common anywhere. None are found in the plains. 


Pterothysanus) of moths, 
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Lymantriupa.—(Liparide@). 


Proboscis aborted. Frenulum present. Forewing with vein 5 nearer 
6 than 4. Hindwing with vein le., absent, vein 8 
connected to the cell by a bar. 


This family is common in both the hills and the plains, a number of 
common species occurring widely in cultivated areas. The moths are of 
stout build and usually dull colours; the antennx of the male are 
pectinate, with spines at the tip of each branch, one of which is oblique 
and appears to preserve the position of its branch with the next. There 
is no proboscis and the moths cannot feed. The female is usually 
characterised bya large anal tuft, which is in some species used as a 
supply of hair for covering the eggs. The life-history is known in a 
number of species; the females are usually prolific, laying many eggs 
in clusters; the larve are hairy and are distinguished by the distinct 
erect tufts of hair on the body; in a number of cases these hairs are 
poisonous, the point sharp and barbed so that once inserted they remain 
in the flesh which festers. Such poisonous caterpillars are characteristic 
of the hills and rare in the plains. Pupation takes place ina loose 
cocoon of silk and hair, usually on the soil among leaves and debris. 
The moths fly by night in nearly all cases. 


Hibernation appears to be passed in the pupal stage, but more has 
yet to be learnt of the seasons of these moths. The majority are found 
in the hot weather and rains, but there are several broods yearly and 
occasionally larve are found in the cold weather. None appear to be 
definite pests to agriculture, though more than one feeds on cultivated 
plants, and it is probable that they are checked by parasites to a more 
marked extent than some other groups. 


Hampson lists over 160 species in the Fauna of India and has added 
ll since. (Jo. Bo. Nat. Hist. Soc., X, XI, XIII.) 


Lelia includes several species, of which L. exclamationis, Koll., 
is most likely to be found. The larva is brown with grey hair and four 
dorsal tufts of short brown hair. The moth is brown with a single black 
line on the forewing. T'hiacidas postica, Wlk., is the very common hairy 
Jarva found on the bér tree (Zizyphus jujuba). We reproduce the figure 
from Indian Museum Notes, II, Pl. 2. 


460 LEPIDOPTERA. 


Dasychira is an important genus with many species. D. horsfieldi, 


Saund., is the common grey moth found so abundantly in forest localt- 


Fig. 313—THIACIDAS POSTICA. A. MALE, B, FEMALE; 
C. Pups, D. Larva (I. M. N.). 


ties after the rains ; the male is a little over half the size of the female. 
D. thwaitesi, Mo., is mainly a hill or forest form, for which the student 
should consult Indian Museum Notes, I, p. 29. Dasychira mendosa, 
Hubn.,has been reared from larvee feeding on potato (Solanum tuberosum), 
Mr. de Nicéville reared it on ‘ desi badam’ (Lerminalia catappa). The 
moth is dark brown, with a light costa, and the forewing is noticeably 
drawn out at the apex. This occurs also in D. securts, Hubn., in 
which the moth is dry grass colour with a central fascia of hlac-grey on 
the forewing. Its larva feeds on a variety of cultivated plants, including 
cereals, grasses and cruciferous plants (Plate XXXIX, fig. 7). The pupa 


18 In a thin cocoon of silk and hair, of which one end allows egress to the 
moth. 


Three species of Lymantria may be found ; L. incerta, Wlk., feeds on 
pipal (Ficus religiosa), babul (Acacia arabica) and ber (Zizyphus jujuba). 
Forsayeth describes'the larva as light brown with er 


eamy variegations 
and dark markings. 


L. ampla, Wik., was reared by de Nicéville on 


(Lerminalia catappa) (Ind. Mus. Notes, V, p. 108), 
and feeds also on pipal (Ficus religiosa) 


country almond 


Porthesia xanthorhea, Koll., 


| 18 a small white moth with fuscous 
hindwings in the male, 


and a large yellow anal tuft. The caterpillar 
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(Plate XXVIM, fig. 8), is orange with black marks and with hair tufts on 
each side. It pupates in a cocoon of silk and hair; the foodplants in- 
clude cane, juar, bajra, marua 
(Eleusine coracana), guinea grass 
and other cereals, and the moth 


a eS et 


is common in the plains. It has 


a habit of sitting by day exposed 
on plants and grasses as does 
Scirpophaga auriflua which it 
closely resembles. This species 


is not known to occur in abun- 
dance at any time and is not 
injurious. 


Euproctis includes a large num- 
ber of small to moderate-sized 


white, yellow, brown or orange 
ee moths which are probably. not 


Fig. 314—EUPROCTIS FRATERNA ; MALE really as numerous in distinct 
ABOVE, FEMALE BELOW, AND PUPA ; 
IN COCOON (I. M.N.). species as authors now state. 


E. lunata, Whlk., 1s said to feed 
on babul (Acacia arabica), bér (Zizyphus jujuba) and rose. H. scin- 
tillans, Wlk., feeds on linseed, bhindi (Hibiscus esculentus), bajra (Penni- 
setum typhoideum), and probably other plants, and is recorded as destroy - 
ing mango in Poona (Indian Museum Notes, H, p. 38), and Terminalia 
catappa in Calcutta (loc. cit. V, 108). #. fraterna, Mo., feeds on rose and 
castor, E. icilia, Stoll. (Plate XX XIX, figs. 5, 6), on the common Loran- 
thus on trees. These are common throughout India, as wellas, EH. sems- 
signata, Wik., E. flavinata, Wik., E. digramma, Gueér., . flava, F. (guttata, 
Wlk.) The last is the species so destructive to fruit trees of all kinds 
in the Punjab, the caterpillars sometimes occurring in great abundance 
in the Canal Colonies. 2. dama, Swinh., isa small yellowish species found 
very commonly ; its caterpillar feeds on Kakaronda (Blume abalsamifera). 


The larva of Perina nuda, F., feeds on Kanthal (Artocarpus integri- 
olia), and iscommon throughout India. A description of the larva will 
be found in Indian Museum Notes, IV, p. 14. 
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‘e white moth with 
Leucoma submarginata, Wlk., is also common, a pure hite m 
4 / Te - y ‘ 


” » forewi id yellow on the frons, palpi 
a single black ‘‘ comma” on the forewing and ye d bv de Nicéville 
Its ally, L. subvitrea, Wlk., was reared by de Nicé 


and fore coxe. fils 
male ndian Museum 
(Terminalia catappa), and 1s figured ( 


on desi badam 


Notes, V, Pl. XI). 


Fig. 315—EUPROCTIS FRATERNA LARVA x 2. 


Hypsipz&. 


Proboscis well developed ; hindwing with vein 8 connected to cell by a 
bar, lc. absent ; frenulum present. Forewing, 
vein 5 nearer to 4 than 6. 


A small and unimportant family whose species (27) are mainly con- 
fined to the hills, but a few of which are common a 
plains and cultivated areas. 
colouring, 


nd widespread in the 
They are of moderate size and usually bright 
rather weak on the wing and sometimes seen flying by day. 
ng is conspicuous enough for any common species to be easily 
recognised when once seen and is presumably warning in function. 


The colouri 


PLATE XXXIX.—Hypsips anp LymaAnrritps. 
Fig. 1. Llypsa ficus, larva (Hypsidee). 


ep ovtuee a +3 cocoon 3 
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» 9. Huproctis icilia, larva (Lymantriide). 
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» 4. Dasychira secwris, larva 3 


» & dArgina argus, larva (Hypside). 
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The life-history presents few points of interest. Kggs are laid singly 
or in clusters on the foodplant and the larve have five pairs of sucker- 
feet, are brightly coloured and sparsely clothed with hair. They feed 
openly on the leaves by day and are possibly distasteful to the majority 
of birds. Pupation takes place in a slight cocoon in rolled leaves on the 
soil. So far as is known, hibernation is passed as a pupa in the soil, and 
there are several broods yearly commencing in the hot weather if food is 
available. Two species are pests to agriculture and at least two injure 
trees, so the family has some economic importance. 


Hypsa is a genus of rather large moths, the palpi upturned, the 
apical joint slender and reaching above the head. The antenne are fasci- 
culate in the male, ciliate in the female. Twospecies are very common 
in the plains, the larvee feeding on pipal, pakur and other species of Ficus 
grown as shade trees (Plate XX XIX); the caterpillars are sometimes 
so abundant that they defoliate large trees and, standing below an 
infested tree, one hears their excrements falling in a continuous shower 
like rain. We figure the moth of H. alciphron, Cram., from which H. 
ficus, Fabr., differs in markings ; both are dull ochreous with yellow and 
black markings at the base of the wing. | 


Digama hearseyana, Mo., is common throughout the hill and forest 
areas in India but is rarely found in the cultivated plains. It is a small 
moth, the forewing dusky with dark spots, the hindwing orange. It 
has a very neat trim appearance and is one of the very common 
moths one first sees and captures in the hills. Two genera, Nyctemera 
and Argina, formerly placed in Arctiid@ are now classed with Hypsa. Of 
the former, three species, N. lacticinia, Cram., N. latistriga, Wlk., and 
N. plagifera, W\k., are large moths, white and brown in colour, which 
occur throughout the hill and forest areas of India and are found rarely 
in the plains. Of the latter, three species occur throughout India in- 
cluding the plains, feeding on Sann Hemp (Crotalaria juncea) and wild 
Crotalaria. All are bright coloured moths, the forewing with ringed black 
spots; A. argus, Koll., has the forewing brownish red, the hindwing 
scarlet, the larva is common in the pods, feeding on the seeds. (Plate 
XXXIX, figs. 8,9.) A. syringa, Cram., has the forewing pinkish brown 
and clouded with fuscous, the hindwing crimson, while A. cribraria, 
Clerck., has the ground colour orange. The last is the most common, its 
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sonallv. feeding mainly on leaves (see Agric. 
larva a serious pest occasionally, feeding mainly 


Journ. I, No. 3). 


Spuincipa.—Hawk Moths. 
oe pe slightly hooked. 
Antenne fusiform, thickened towards the apex and slg : os 
| mn 5 or O | e middle 
Forewing long and narrow, ven » nearer 6 than 4 or from 


of the cell ; hindwing vein 8 connected to the cell by a bar at the base, 


then approximated to or anastomosing with 7, vein le. absent. 


Frenulum present. Pupa in soil, larva smooth uith anal horn. 


The narrow forewings, the spindle-shaped hooked antenne, the 
usually torpedo-shaped body and the swift flightenable this family to 


Fig. 316—DAPHNIS NERII. 


be readily recognised in tlie field. The moths are moderate to large in 
size, with an expanse of one to four inches. The colouring is uniform 
in design, but diverse and marked in individual species. The body 
and forewings are cryptically coloured in shades of brown, grey and 


dull green, which make the insect invisible when resting on bark 
or on other exposed positions. 


the base of the abdomen i 
such that the forewing 
are visible only in flight. 


The lower wing and sometimes part of 
8 brightly coloured, the resting attitude being 
covers the brightly coloured parts, which 
The object of the bright colouring, usually 


1, 
2. 
3. 
4, 
5. 
6. 
7. 


PLATE XL.—Acurrontia Sryx. 


Tit SpHinx. 
Eggs. 


Young larva. 


} Half-grown larva. 


Full-grown larva. Natural size. 
Pupa. 
Moth. 
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red or orange, is probably deceptive, the whole scheme being similar to 
that of the Acridiide and other insects which exhibit this peculiar 
colour scheme. (See under Acridide.) 

The head is large with large compound eyes; the proboscis is usually 
very long, tightly curled up in repose and stiffly extended to its full 
length when the moth hovers before a flower. The antennex are straight, 
a little smaller towards the apex, slightly hooked, and in the male with 
curious tufts of cilia on the lower side. 

The thorax is robust, the outline of the whole body from head to 
apex of abdomen smooth and tapering to each end; the abdomen is long, 
in some species with lateral and terminal tufts of erectile hairs. The 
forewing is long and narrow, the hindwing smaller. Males and females 
are similar in colouring, the males smaller and distinguished by the 


antenne. 

The life-history is uniform in all but detail so far as known. Hggs 
are laid singly on the leaves of the foodplant, each egg circular with the 
micropyle at the apex. The larve grow to a considerable size, some 
exceeding three inches in length ; there are five pairs of suckerfeet, and 
usually a horn on the 8th abdominal segment. The integument is smooth, 
or more rarely, roughened with numerous tiny blunt spines ; none are 
hairy or tufted ; the head is either large and distinct, or small and retrac- 
tile into the prothorax, which is drawn back with the meso and meta- 
thorax. The colouring is usually green or brown, cryptic, and often 
with lateral yellow stripes which increase the cryptic resemblance. In 
many, there are in addition devices which are evidently meant to be 
terrifying ; such are the eye spots, large coloured spots on the sides of 
the thorax which look like large real eyes when the head is drawn in; 
the appearance of the insect with these eyes is very striking and in 
some there is, to us, a suggestion of the snake. In some these spots 
are concealed and can be suddenly shown, when the effect is still more 
striking. Asa whole the larve exhibit cryptic colouring combined 
with terrifying devices. An interesting adaptation is found in the 
change of colour which often takes place at the close ot the larval 
life: hitherto the green caterpillar, for instance, has been concealed 
by its colour among the leaves of its foodplant ; prior to pupation 
it must leave its foodplant and crawl over the soil, perhaps after a journey 
down the bark of a tree, to find a suitable place to hide itself for pupation. 


IIL 30 
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ev conspicuous on the soil or bark, and 
The green colour would then be very conspicuou : 


we find that the upper surface of the body darkens in tint till it, and 


perhaps the whole body becomes brown when phe ngeet has to pupate. 
[t then crawls away till it finds a suitable shelter in soil or among fallen 
leaves, etc., where it pupates. Asa rule, coarse threads of silk are used 
to form a covering with leaves and debris, or the caterpillar forms a 
chamber in which to pupate ; from the time the caterpillar ceases feeding 
till it actually transforms to the pupa as much as a week may elapse, 
during which the caterpillar is internally and externally preparing for 


the last moult. 


The caterpillars are wholly herbivorous, feeding on the leaves of 
their foodplants which usually embrace a few allied species. They feed 
usually in the morning and evening only. The pupa is a large brown 
object, of two forms, one with an external proboscis sheath (as in 
Herse convolvuli) the other without (as in Acherontia styz). 


The moths are usually crepuscular, the smaller “ humming bird 
hawks ” being alone seen flying by day. Food is the nectar extracted 
from flowers, the moth hovering before the flower, the long proboscis 
being inserted to suck it out ; white flowers that bloom at night attract 
these moths and it is a wonderful sight to watch such plants when large 
numbers of the moths come. Quisqualis indica is a favourite flower, 
being white at night to attract these moths, though it is red by day. 


The moths are extraordinarily swift of fight and very powerful ; 
itis possibly due to this that they form so large a proportion of the insect 
fauna of the island of Barbados in the West Indies, a fact not yet recorded 
by any naturalist ; this island is low and wind swept, less than 20 miles 
_ across and any but a strong flying moth is liable to be blown away by 

the tradewinds, just as large numbers of insects are sometimes blown 


on to the island : apparently the hawkmoths have been able to remain 
on the island, and they con 


stitute an extraordinarily large proportion 
of the insect fauna. 


The duration of the larval stage is 
requiring two months to become ful]- 
moderately 


relatively long, the larger species 
grown, the pupal stage then being 
long and the imaginal life shorter. 


Hibernation takes place 
asa pupa in the soil and no cage 


S of larval or imaginal hibernation are 
known: equally estivation is passed as a pupa, unless it be one of the 
Species whose food is then available. 
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As a rule there are two broods during the rains, with pupal hiberna- 
tion in the second until March or June, more often the latter. Few are 
pests since they are insects that increase but slowly, but a few are found 
feeding on cultivated plants and are occasionally numerous. 


The larve are parasitised by parasitic Hymenoptera and Diptera 
as are other caterpillars, and these parasites are the chief check. Birds 
readily eat the caterpillars when they find them, and help to check them 
when they are numerous. 


Hampson lists 121 Indian species, mostly hill forms not recorded 
from the plains. A few species are common in the plains, a number 
more are recorded and will be found widespread. Jordan and Roths- 
child list 154 (1907) ; their revision alters practically the whole nomencla- 
ture and classification, and brings in the greatest possible amount of con- 
fusion. In the present deplorable state of entomology, their nomen- 
clature will probably be adopted till another replaces it, and we 
accordingly use both here. The most recent account is that of these 
authors in Genera Insectorum, which is a revision of their earlier 
revision. The authors are extremely vague about geographical 
distribution, and it isimpossible to be certain exactly which species 
actually occur in India. 


Acherontiine—Herse (Protoparce) convolvuli, Linn.,is our commonest 
form, a large grey moth with pink bands on the abdomen, which comes 
freely to light. The larva feeds on sweet potato, urid (Phaseolus mungo), 
and on convolvulaceous creepers. The pupais ina hard earthen chamber. 


Acherontia styx, Westw., is our death’s-head moth, so-called from the 
skull-mark on the thorax. Thisis the tropical and sub-tropical form of A. 
lachesis, Fabr., found only in the Himalayas. The large green caterpillar 
is found on til (Sesamum indicum) and kulthi (Dolichos lablab). There 
are probably two broods a yearin all parts of the plains, the pupa 
living over the winter (Plate XL). 

Psilogramma menephron, Cram. (Pseudosphinx discistriga, Wlk.), 
is a large grey moth with an expanse of 3} to 5} inches, less common 
but widely spread in the plains. 


Ambulycine.—Compsogene (Calymnia) panopus, Cram., 18 the very 
large purple and brown moth, with a wing expanse of 52 inches. The 


larva is grey with yellow stripes, the anal process long and straight ; it 
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feeds on the leaf of mango. Oxyambuly« subocellata, Feld (Ambulyx 
semifervens, Wlk.) is widespread in India while the, larva of Clanis 
phalaris, Fabr. (Ambulyx pagana, ¥.) is described (under Clanis cervina) 
by Forsayeth as feeding on the dhak or palas tree (Butea frondosa), 
(Trans. Ent. Soc., London, 1884, p. 393). Leucophlebia emittens, Wik., 
and L. lineata, Wik., are the beautiful pink moths with a yellow fascia 
along the forewing, which so often come to light in India. The larva of 
Polyptychus trilineatus, Mo. (dentatus, Cram.), 1s said by Forsayeth 
(loc. cit.) to feed on lasora (Cordia myxa). 

Sesuine. Cephonodes hylas, 
Linn., 1s the common “‘ hum- 
ming bird hawk moth ” of the 
plains, a beautiful moth with 
yellow and red abdomen and 
a spreading black anal tuft, 
which comes in dull weather 
WO and at dusk and flies softly 
vs through shrubs seeking flowers ; 


it is a shy insect, hard to see 
Fig. 317—CEPHONODES HYLAS. or catch, with a distinctive 
deep hum in flight. 


Philampeline. Deilephila (Daphnis) nerii, Linn., is the beautiful 
dark olive-green and pink moth (fig. 314) whose larva feeds on the 


Fig. 318—NEpPH ELE DIDYMA (I, M. INS ve 


Oleand r; D. hypothous, Cram.. 
didyma, Fabr. (hespera, F.) 
Calcutta on Karunda ( 


also occurs in our limits. Nephele 
IS a smaller olive-green moth, reared in 
‘a7 G Y . y : y 

Carissa Carandas) (Indian Mus. Notes, V, p. 126) 


+ 
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Macroglossum includes dark coloured “humming bird hawk moths,” 
found flying by day in bushes seeking flowers ; they are extremely abun- 
dant in the subtropical zone but some occur in the plains. M. gyrans, 
Wlk.; M. belis, Cram. ; and M. pyrrosticta, Butl. (gilia, Herr. Sch.) are 
to be found, the second most abundantly. 


Cherocampine.—A number of common forms are included in this 
sub-family. The larve have the head and thoracic segments more or less 
retractile into the swollen metathorax, which often has lateral eye-marks. 
In Hippotion celerio, L., the larve may be green or dark brown, both occur- 
ring together in all stages on the same foodplant. The genera Theretra 
and Hippotion include the common hawkmoths of the plains, moderate 
sized insects with the apex of the forewing produced slightly. The full 
fed larva pupates at the surface of the soil in a covering of leaves webbed 
up with coarse silk enclosing an earthen chamber. 


The following are the common species, with the revised and old 
nomenclature of the Fauna, and the known foodplants in India. 


Lheretra gnoma, Fabr, (Cheerocampa butus, Cram.) Grape vine. 
9 alecto, Linn, (Cheerocampa). Peas, Teak, Vitis trifolia, 
»  oldenlandia, Fabr. (Cheerocampa). Balsam, Vitis trifolia. 
»  silhetensis, Wik. (Chzerocampa). 
»,  latreillei, Macl. (Cheerocampa lucasi, W1k.) 
»  nessus, Fabr. 
Hippotion echeclus, Bois. (Chesrocampa eson, Cram.) Sesamum. 
»  rafiesi, Butl. (Chezerocampa theylia, Linn.) 
»,  celeriv, Linn. (Cheerocampa). Balsam and Beta rulgaris, 
» velox, Fabr. (Cheerocampa vigil, Guer). 


Rhyncholaba acteus, Cram.  (Theretra). 


Collecting—Moths are caught on the wing by day (Macro- 
glossine) or at dusk at flowers. Some come to light and the occur- 
rence of these is worth noting even if they be common species. 
Larve are always worth rearing if their food plant can be ascertained, 
and there is no special difficulty in this. If it is desired to obtain eggs, 
the pupe must all be treated alike as they react quickly to altered 
conditions and will not emerge together if differently treated. 


CYMATOPHORID&. 
Characters of Sphingide but vein 8 not connected with 7. 


A family of 22 moths found in the Himalayas, Khasis and Burmah 
Hills, and which are absent from tropical India. They are in appearance 
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> a fo riz AaTrrTee ¢ is ‘lothed 
like Noctuids while the larva has five pals of suckerfeet and 1s not clot 


with hair. No species will be found in the plains. 


EuPTrEROTIDA. 
‘orewing with vein 5 nearer 6 
Frenulum present, proboscis absent. Forewing with vem ) ies 
} ié 4 WDE y 7. VE7,4 7) ent. 
than 4. Hindwing with vein 8 remote from vein 7, vein le. absent 
Larva uniformly hairy, pupa vn cocoon of silk and hau 
. . . . " » . P . , ae ye 4 a 
This is a family of large moths with hairy palpi, the antenne pect 
nated in both sexes, the mid-tibia with one pair, the hind tibie with two 


Fig. 319—KUPTEROPE MINOR, MALE. Fig. 320—KUPTEROTE MINOR, FEMALE. 


pairs of spurs. They are dull coloured moths, principally found in hill 
forest areas, of which 42 species are recorded as “ Indian.” 


The larve are found, in great numbers occasionally, feeding upon 
forest trees. They are uniformly hairy, with five pairs of suckerfeet. 
The larve are gregarious, feeding together on the plant. The hairs are 
poisonous and are readily detached either when the larva is irritated or 
touched, and these hairs become firmly fixed in the skin giving rise to 
great irritation. The pupa isin a cocoon of silk and hair. Hibernation 


in the cocoon takes place from the end of the rains to the following 


rains. 


Hupterote is the abundant 


genus, with several species common in 
the moister and more densely 


forested parts of India. Z. undata, Blanch., 
occurs throughout North India and as fa 


rt south as the Nilgiris ; it varies 
much in colouring from pale brown or y 


ellow suffused with brown to deep 


arying number of waved lines; B. fabia. 
arded by Hampson as a di 
the forewing bright yellow. 


red-brown ; each wing has a y 


Cram., is not ree 
: 5 stinct species ; the male has 


In both. the expanse ranges from three to 
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five inches. #. mollifera, Wlk., 1s smaller, 24 to 35 inches with the 
ground colour always yellow or dark, often suffused with rufous. It 
occurs in South India. 4H. citrina, Wlk., is uniform yellowish white, 
with the head and prothorax fuscous in the male, the female with 
raised scales at the outer angle of the forewing below and the apex of 
the hindwing above. Its distribution 1s given as the Deccan, Central 
India and Bombay. 


Of these H. undata was reared by de Nicéville in Calcutta, on 
Erythrina indica, with one brood yearly apparently. (I. M. N., V, 
p. 129.)#. minor, Mo., was reared from caterpillars which appeared in 
great numbers in Burmah “ destroying the herbage and swarming on 
the roads to such an extent that thousands of them must be trodden 
under foot by passing way-farers.’’ (I. M. N., Vol. III, p. 21.) 


Sangatissa subcurvifera, Wik., is pale brown, the forewing with the 
three curved dark bands obliquely along it. It occurs in the North- 
West Himalayas, in South India, and has been found in the Gangetic 
plain. Nisaga simplex, Wlk., varies much in colour, the wings yellow to 
deep brown, with lines of dark scales along the veins. It has been 
reared from a yellow-marked black caterpillar, moderately hairy, found 
feeding on rice in Ranchi and on grass in Pachmarhi, Central Provinces, 
and it is common also in Assam and South India. It hibernates in the 
cocoon from October-November to June. 


NOTODONTID &. 


Hindwing with vein 8 connected to 7 near middle of cell. Vein 5 
obsolescent, 1c. absent. Proboscis present. Forewing 


with vein 5 nearer 6 than 4. 


A family of moths, recognisable by their venation alone, and super- 
ficially like Noctuida@, or in some cases, Sphingidw. The colours are 
dull, greys and browns predominating. The antenne are often pecti- 
nate, the abdomen long and tapering, terminating in some in long scales 
or tufts. Many are of large size with an expanse in some Instances of 
over four inches. Nearly all are hill forms, confined to high elevations ; 


the family is a very large one in temperate climates, and there are 120 
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ats ian regi f which four alone are common 
species listed as from the Indian region 0 


in our area ; 21 have been since added by Hampson. 


Fig. 321—STAUROPUS ALTERNUS, LARVA ON ROSE LEAF. 


Antheua servula, Dr., is a yellow moth, with a brown patch and 
rufous margin on the forewing. The larva is brown clothed in brown 
hair; it feeds on grass, pupating in the soil. Stauropus alternus, 
Wlk., is a grey moth, the forewing rather narrow, the abdomen 
long. The male has pectinate antenne. We figure the larva (fig. 321) 
which is of the form characteristic of some Notodontids, destitute of 
anal prolegs, holding the apex of the abdomen in the air, with processes 
on the dorsal surface. This device is to protect the insect by its 


alarming appearance. The grey moth rests with the costal margin of 
the hindwing projecting in front of the forewing, 
Lasiocampid moth. T 
pea (Cajyanus indicus). 


after the manner of a 
he larva has been found feeding upon pigeon 


Anticyra combusta, Wik., has been reared from a larva found feed- 
Ing upon maize. This larva is 24 inches long, 
with white intersegmental bands, and a | 
short white hairs laterally ; the prol 


of a whitish green colour 
ateral green stripe ; there are 
88 are normal, 5 pairs. Pupation 
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PLATE XLI.—Gerometrip® And LASIOCAMPIDA. 
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Kumelea rosalia. -  (Geometride), 
Macavia fasciata. 7 
Tephrina disputaria. Larva. 
. _ Pupa. 
iss i Imago. 
Hypererythra phoenix. 
Thalassodes quadraria. 


Taragama siva. Larva. (Lasiocampide). 


a + Cocoon. ‘3 
9 ) M ale. 9 
” 7) Female. 
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Estigena pardalis, 5 
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takes place in the soil without a cocoon and lasts 13 days. The moth is 
“dry grass colour” with a median purplish suffusion ; it sits with 
its wings rolled round it, and very closely resembles a piece of maize 
stem cut from a node, with a piece of dry leaf round it; the head 
looks like the dry bluntly-cut node and the whole resemblance is 
singularly perfect and striking. 
GEOMETRIDA. 
Vein 5 nearer 6 than 4 in forewing. Hindwing vein 8 connected with 
7 at the base or if not, vein 5 fully developed ; vein 
le. absent. Proboscis present. 


There is a general family 
resemblance among our 
common Geometers but the 
venation affords the sole 
accurate characters. They 
are frenulate moths with 
the proboscis developed, 
with the venation as above, 


and the tarsi usually long 
Fig. 322—-BISTON SUPPRESSARIA. (revs) and naked. They are of 


moderate to large size with 


cryptic colouring in nearly all cases. 


The life-history of but few has been worked out in this country ; 
the known larve are loopers, with two pairs of prolegs, the body nearly 


Fig. 324—BISTON SUPPRESSARIA. 
(iv, OLN) 


Fig. 323—BISTON SUPPRESSARIA. 
(I. M. N.) 


naked and slender. As a rule a true looper is at once recognisable from 
it attitude and general form (Plate XLI, fig. 3); the attitude with the 
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r -vptic, the larva remaining stiffl 

colouring is often beautifully cryptic, the larva ae 8 : 
‘ »lr ear r ive’ AlTgQe » bd ‘ ] y ‘ 

at an angle, the suckerfeet clasped round a twig, an 


like a small shoot or twig and quite unlike a living 


stretched out 
the whole looking 
insect. 

The moths are crepuscular as a rule and but rarely seen, or are 
found in thick vegetation and under shade. They have a habit of rest- 
ing with fully opened wings tightly pressed against the surface they are 
on; the colouration is adapted to this, the markings continuous from 
fore to hind wing ; in this attitude they are difficult to distinguish and 
they will rest thus during the whole day if undisturbed. They seldom 
occur in any great abundance and the larve are very seldom found. 
None is known to be of any economic importance in India. The family 
is a very large one (1,300 species in the Indian region) and additions are 
constantly being made to it. Nearly all are hill and forest forms, few 
living in the plains. 

Hampson divides the family into 6 sub-families, the key to which 
is on page 138 of volume III of moths in the Fauna of India. 


Boarmune.—Hindwing with vein 5 obsolete. 


Dilinia capitata, Wik., is a common species whose larva feeds on 
ber (Zizyphus jujuba). The larva is green above, greenish-white below 
with the usual two pairs of suckerfeet ; seen from above it is of the colour 
of the upper surface of the leaves, seen from below of the colour of leaves 
looked at from below, a colouring common in leaf-eating caterpillars and 


doubly cryptic. Pupation takes place between two leaves fastened with 
white silk; the period is about a week. 


Macaria fasciata, Fabr. (Plate XLI, fig. 2), is common, the larva 
green or brown with dorsal and sublateral yellow stripes, found feeding 
on the flowers of Acacia concinna. M. nora, Wlk., M. sufflata, Guen,, and 


M. emersaria, Wlk., are also likely to be found. 


Tephrina is ee ee : : J 
: e a mais the most abundant Geometrid in the plains, 7. disputaria, 
ruen., being the little browny-white moth so common in grass. The larva 


feeds o1 Acaci Fea Nae 
1 babul (Acacia arabica) and may be found wherever this tree 
grows (Plate XLI), Hyposidra talaca, Wlk., 


the larva green irrorated with black 
segments dark, the 


is another plains species, 
with the Ist and 3rd abdominal 


ee “4 recorded foodplants are Jambora, Combretus, 
Ficus parasiticus and rose. 
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Orthostixine.—The beautiful Humelea rosalia, Cram., is found in 


the plains (Plate XLI, fig. 1). 


Fig. 325—THALASSODES QUADRARIA, LARVA ON LITCHI. 


Acidaliine.—A number of species are widespread in the forest areas 
of India and less than ten are known from the plains. 


Geometrinee.—Agathia lycenaria, Koll., is said to feed on Nerium odo- 
rum (Grote). Thalassodes quadraria, Guen., has been reared from larvee 
feeding upon the leaves of litchi (Nepheliwm lichi) and also on maize. 
The larva is green with a pair of orange processes on the head. (Plate 
X LI, fig. 7.) 

SATURNIDH.—Wild Silk Moths. 

Forewing with vein 7 connected to 8 and 9. Hind wing with vein 8 
diverging from cell from the base. Forewing with vein 5 nearer 6 
than 4. Hindwing vein le. absent. Larva with conspicuous spiny 
processes ; pupa m cocoon of silk. 


These insects are commonly recognisable in all stages. The moths 
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are of large size, the immense Atlas Moth pa: ee of eee 
The colouring is bright and very varied in tint; 1 in s . mith 
significance in all probability and the resemblance e nay ae 
cobra seen by some authors in the apex of the wing o yaa ; res 
not appear to have any real significance ; In some species t ere " ine 
circular spots in the wings. The body is short and thickset, densely 
clothed in hair, the legs are short, the wings very large. The absence 
of proboscis makes feeding impossible and the moths are not long-lived. 


The moths deposit large numbers of round eggs (Plate XLII), which 
are thickshelled, without ornamentation and in some cases laid with a 
coating of gum which makes them adhere in groups. The larve grow toa 
large size, and are characterised by having tubercles or processes bear- 
ing spines ; they are leaf-eating and found principally upon forest trees. 
When full grown a cocoon is spun, composed of more or less tightly woven 
silk fixed to a leaf or some other part of the plant. | Emergence from the 
cocoon Is effected by softening one end of the cocoon by a solvent fluid 
excreted by the pupa or by the passage of the moth through one end 
which is so constructed as to allow of the egress of the moth but not of 
the entrance of insects from without (see page 481). 


The moths are nocturnal and short lived ; the phenomenon of assem- 
bling is conspicuous and is utilised by native silk rearers, who keep only 
the heavier female cocoons for rearing females ; these females are then 
exposed at night, fastened down, and are fertilised by wild males which 
come from the surrounding forests. « Assembling ” denotes the attrac- 
tion of the males to females by some sense, possibly that of smell 
which guides them from a long distance ; 
certain butterflies and moths which exhibit 


a newly hatched female being sufficient t 
vicinity. It occurs 


it is employed in collecting 
this faculty, the exposure of 


o bring up the males in the 
only in Lepidoptera in this marked form. 


None of these species can be ¢ 


onsidered as pests, while the species 
producing tasar, 


7 erl and muga silk rank in economic value beside the 
true silkworm (Bombyx mori, L.) and the lac insect (Tachardia lacca). 
These insects are wholly confined to moist forest areas, the larve usually 

st trees and not thriving when exposed to hot dry 
; this reason it is impossible to rear them throughout 
India, and though some will feed on cultivated plants such as castor. 


west winds. For 
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these are not cultivated outside limited areas in which the insects occur 
naturally. 


The family is not a large one and the thirty odd Indian species are 
almost wholly confined to the moist hill forest areas. Actias, Attacus 
and Antherwa are the principal genera and the variation in colour of 
the moths has led to their being described under a variety of names, 
Hampson’s classification in the Fauna of India reducing many of 
these doubtful species to synonyms. The student should familiarise 
himself with these synonyms before reading the past literature of these 
insects in which a variety of names are employed for the few economi- 
cally important species. The following list embodies the species of 
Wild Silk Moths referred to by Cotes (Ind. Mus. Notes, Vol. II, No. 2) 
and figured by him; these are insects which make silk in some quantity 
but only three are actually reared for silk or produce a silk used in 


commerce. We have included the Bombycids, etc., in this list. 
Attacus atlas, Linn. The Atlas Moth. 
3 edwardsi, Wh. 
a cynthia, Dr. The wild form of A. ricind. 
= ricimt, Boisd. The eri silkworm of Assam. 
Actias selene, Hubn. 
a menas, Dubl. (= Actias leto, Dubl.) 
Anthercea frith, Mo. 
a helferi, Mo. 
s royler, Mo. 
es assama, Westw. The muga moth of Assam. 
r paphia, Linn. The tasar moth (==A. mylitta, Dr.) 
- knyvetii, Hamps. 
andamana, Mo. 
Cricula trifenestrata, Hellf. 
o drepanoides, Mo. 
Loepa newara, Mo. (Rhodia). 
> katinka, Westw. (L. sikkima, Mo., L. miranda, Mo.) 
Saturma stoliczkana, Feld. 


pyretorum, Westw. 


groter, Mo. 
huttom, Mo. 
simla, Westw. 


(S. cidosa, Mo.) 


(Neoris.) 
(Caligula.) 
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Saturnia 


.% 


Salassa 


Brahmaa 


Theophila 


Ocinara 


9? 
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thibeta, Westw. 
zuleika, Ho. 
lola, Westw. 
royt, Klw. 
wallichi, Gr. 


huttoni, Westw. 


varians, W1k. 
apicalis, WIk. 
signifera, W1k. 


(Caligula.) 


(Rinaca.) 


(= B. certhia, ¥.) 

(religiosa, Helf., bengalensis, Hutt. 
affinis, Hutt., sherwilli, Hutt.) 
Trilocha albicollis, W\k. 

O. lida, Mo. 

QO. lactea, Hutt., O. diaphana, Mo. 


Actias selene, Hubn., is a very striking insect, the forewing is large, 


the hindwing produced into a long tail; the colour is a delicate pale 


Fico, 326- 
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ereen, the forewing having a dark pink fore edge; in each wing is a buff 
and red spot. The larva is green with yellow tubercles bearing spines. 
The species is widely spread over the hill forest areas in India, at low 
elevations often, but is typically a subtropical and only occasionally a 
plains species (e.g., in Chota Nagpur). 


Attacus atlas, Linn. (The Atlas Moth), is the largest Indian Moth, 
a very beautiful vividly coloured insect found in hilly forest districts. 
Its life-history is described by Grote (Entomologist XII, p. 25) and, an 
account of it occurs in Hardiman’s “Silk in Burmah.” Aétacus 
cynthia, Dr., 1s stated to be the eri silk of Assam, as also is Attacus ricini, 
Boisd., the two differing only in colouring and very slightly in markings. 
Moths reared from true erl cocoons cultivated in Assam proved to be 
the latter (Plate XLIV). The lifehistory has been fully described 
elsewhere and there is a literature on this insect. Like others of this 
family it is wholly dependent upon moist conditions; the larvee exhibit 
a curious variation, some being green, some white, some being spotted 
with black, others not ; the cocoons are white or brick-red but selection 
fixes the latter, while it does not influence the larval colour or spotting. 


Antherea includes the tasar silk moth (4. paphia, Linn.) and the 
muga silk moth (A. Assama, Westw.). The former makes a cocoon 
usually of the form shown, fastened by a stalk, the latter a simpler oval 
cocoon. ‘Tasar is collected in many forest areas in India and is a very 
important industry, muga is semi-cultivated in Assam, and forms the 


basis of an industry there. 


The tasar silkworm (Plates XLII, XLII) is not a domesticated 
insect at all, it feeds upon trees or bushes in the open entirely and the 
sources of silk are either of purely wild cocoons collected by cow-herds 
when the trees are leafless and they can be seen, or cocoons formed on 
special trees by worms which were hatched on that tree from eggs laid in 
captivity, the rearer having kept cocoons till the moths emerged. In 
this species, the females alone are kept, the males are allowed to fly away 
and mating takes place at dusk with any male that comes. There are 
in tusser a number of varieties or races, some two-brooded, some one- 
brooded: the entire absence of any control over this mating, so far as 
the male is concerned, is probably one cause of the degeneration of the 


tasar industry, since a female of a race that spins good marketable 
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d with a male of a poor race, and the crossing 


cocoons may be crosse . 
ably causes the irregular 


of a bivoltine race with a univoltine prob 
éclosion of moths that is such a handicap to the rearer. 

The different races have distinct periods of éclosion; there 1s a brood 
usually in July-August, followed by a brood in October-November in 
some; some ¢close in September and are one brooded, some in July or 
June with one brood. Owing to the failure to domesticate fully, the 
variety of races which cross and the entire lack of control of fertilisa- 
tion, there is no distinct pure race that can be grown in domestication, 
and were tasar to be improved or the industry revived under an 
increased demand, these factors must be taken into account. 

Tasar is found on a great variety of trees, the asan (Lerminalia 
tomentosa), the Urjun (7. arjuna), the sal (Shorea robusta), the ber 
(Zizyphus jujuba) being the more important; in gardens, it feeds on 
Lagerstremia indica. The cocoon is very dense and hard in some races 
with a long or short peduncle. As a rule, the summer cocoon is flimsier 
than the winter cocoon where there are two races. The silk is a reelable 
silk as in Bombyx silk and the moth must not be permitted to emerge, 
as the end of the cocoon is softened with alkali, then torn by the exit of 
the moth. 


The stages are figured on Plate XLIE. The larva has the most 
beautiful metallic spots, silver or a reddish gold tinge; it is cryptically 
coloured, being leaf green, resting in a very characteristic attitude and 
possibly the metallic spots represent spots of light coming through 
leaves. The tusser worm is attacked by many foes and a very low 
percentage pass through their stages and attain maturity, even 
when the larger enemies are kept away; the possible rate of increase 
is a hundred fold, each pair producing about 200 eggs; not more than a 
tenth of this is actually realised. Wasps (Vespa and Polistes) feed 
on them; Canthecona furcellata, a Pentatomid bug, sucks them ; 
Mantids eat them, birds, bats, lizards all eat them and a Tachinid 
fly parasitises them. The literature is extensive, but Cotes’ articles 
on the Domesticated and the wild silks of India give useful infor- 
mation and are well illustrated. . 

The student may be cautioned a 
ture as accurate ; 
sion of silk cultiy 


gainst accepting some of the litera- 
Eably much is said as to the possibility of the exten- 
ation In India by English writers ignorant of the fact 
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that this is purely a matter of climate ; it is impossible to grow any kind 
of silk profitably unless the climate is suitable, which it is only in well 
defined tracts for each species. It must also be remembered that the 
production of a textile fibre from silk caterpillars of whatever kind 
requires primarily an abundant supply of absolutely cheap labour 
in whom the occupation is hereditary; given all other conditions, 
a suitable equable moist climate, a healthy race, a supply of food- 
plant, and a demand for the fibre, silk as an industry cannot be carried 
on except by low-paid people to whom the occupation comes naturally 
from childhood ; it has never and will never be carried on in countries 
where living is dear or where labour finds high wages, unless the 
demand for silk increases; no insect fibre can be produced at the 
low cost of a vegetable fibre ; the lowest price for a pure silk (£120 a 
ton for eri cocoons) is above the price of all vegetable fibres excepting 
that of the very best flax which reaches this price in some years. 
The attempts to grow silk in the United States for instance have all 
ended in failure for this reason. 


Cricula trifenestrata, Helf., is the only species which can properly 
be brought within the fauna of the plains of India. Its caterpillar lives 
upon the mango tree in lower Bengal and Burma; it is clothed in 
poisonous spines and therefore dangerous to handle ; Mr. Jamini Mohan 
Ghose informs me that it is a common belief in Mymensingh that if 
the mouth touches any portion of the human body, that part will 
decay as in leprosy; the caterpillar is accordingly feared and nothing 
is done to check it, though it wholly defoliates the mango tree. 
Attempts to make an industry in it, for spun stk, have been made 
in Burma (Silk in Burma, J. P. Hardiman, p. 20). 


e 


EMERGENCE FROM THE COCOON. 


Very little attention has been paid to that one moment in the lives 
of so many insects when the imago emerges from the pupa and has to 
make its way out of the cocoon or other pupal envelope. If the cocoon 
or covering is sufficiently perfect to resist the weather and the foes of 
the pupa, how is the usually soft and delicate insect to escape? We 
have not space here to discuss this exhaustively, nor are the data 
available for many Indian insects ; we indicate some of the commonest 
methods chiefly in order to direct the attention of the student to this 
neglected point. 


IIL ei 


482 LEPIDOPTERA. 


In the first place we find that in some species the pupa 1s provided 
with means of forcing itself out, so that the Imago can emerge free to 
the open air. Micropteryx 1s a conspicuous example, in which the 
pupa has a very large pair of mandibles, with which it cuts through 
the cocoon and, having done so and forced its way out with the aid 
of spines on the abdomen, the mandibles are shed. The imago is 
then free to emerge unimpeded by the cocoon. The same occurs in 
Myrmeleo, in Hemerobius and in the Phryganerdes i (this is only one 
of the reasons adduced to support the view that Muicropteryx is 
closely related to the Phryganeides). Actually it is the muscles of the 
imago which move the large pupal jaws, but the latter are an essential 
pupal character and absent in the emerged adult. In another group, 
in which pupal emergence occurs, we find that the pupa has hard 
processes on the head and that the body is much ciliated to give it a 
grip on the cell; an instance is the pupa of the Bombyliid, Anthraz, 
parasitic in the aest of mason bees. In several groups of Lepidoptera, 
the pupa wriggles half way out of the cocoon or shelter and then the 


1895, p. 399). The same principle is utilised by the silk moth (Bombyx mor?) 
and by some Saturniide. For this reason silk can be reeled only from 
temerged, as the solvent is injurious 
of species of Saturniide, this process 
action of two spines, one on each 
tal edge ; the imago emerges with crumpled 
wings and with the spines projecting forward before the head ; these are 


; ! llow the moth toemerge. This occurs 
in the genera Saturnia, Actias and Antherceea. In yen this does no 


, the cocoon is of 
close mechanically ; the moth PEE a Shape, and the lips of oneend 


sed from : : : 
attempts at entrance from without. It ars ; but it resists any 


EMERGENCE FROM THE COCOON, 483 


investigate this device in cocoon-making Lepidoptera; it apparently gives 
place to the simpler device of the less strongly woven cocoon from which 
the moth escapes by pushing through the loose fibres and hairs at one 
end ; there are probably many transitional stages from this to the stout 
self-opening cocoon. The Arctiids commonly have loose cocoons as do 
many Noctuids, Pyralids, Tineids, etc. For these, as for many Cole- 
optera, the body of the pupa is set with backwardly directed spines and 
a terminal hook to give the moth the necessary purchase to escape. 


Finally, there are a great number of stout cocoons in which a definite 
lid is provided which comes off. Limacodide are a conspicuous example 
(fig. 334). In these cases there is a definite line of weakness along the 
wall of the cocoon and we may admire both the instinct of the larva in 
providing it and its ability toso make the cocoon. _ It occurs also in some 
Braconide, and in Cionus among Curculionide. In the latter the larva 
can be seen through the horny cocoon preparing its shelter and leaving 
the line of weakness. By what means the emerging imago ruptures 
the lid is not known, but as little strength is required, there are probably 
as arule no special devices. In a great number of species, especially 
of Coleoptera, the imago employs its own jaws. The beetle comes out of 
the pupal skin, rests till the chitin is hard and then bites through the 
cocoon or the end of the gallery in which it may be and so emerges. In 
many weevils the true mandibles are provided with false mandibles for 
this purpose, which drop off and leave a scar, after they have been used. 
In the Sawfly Athalia proxima, the imago cuts a lid in the end of the 
tough cocoon with its jaws and then emerges. Most Aculeate Hymenoptera 
do the same, the thin cocoon being bitten through, and this occurs even in 
Megachile, where masonry has to be pierced. 


We have skirted round this fascinating subject in a superficial manner, 
but we may have said sufficient to indicate that there is here great scope 
for observation. There are probably abundant devices as yet unknown, 
and we do not pretend to have even indicated all that are known, but 
there is very little on record for Indian forms. 
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Proboscis and frenulum absent. Forewing, vein 5 nearer 6 than 4. 
Hindwing vein 1c. absent, vein 8 remote from 7, connected 
to or approximating to the cell. 


This family includes only fifteen species of small dull moths) known 
by the bipectinate antenne of both sexes and the hairy spurless legs. 
The proboscis is absent, the antenne are bipectinate in both sexes, the 
legs hairy and without spurs. The larva is elongate, with dorsal humps 
or a terminal horn and is not hairy. A cocoon of silk is formed. 
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Of the fifteen species listed in the Fauna of India, one alone 1s found 


in the plains. Ocinara varians, Wlk., is a small grey moth, ea larva 
lives upon the Gular tree 


(Ficus glomerata) and other 
figs. It is a grey caterpillar, 
variegated with brown; 
there are slght protuber- 
ances dorsally and a slender 
horn at the hind end. It 
feeds upon the leaves, readi- 
ly letting itself down from 
leaf to leaf on a thread of 
silk; the cocoon is bright 
yellow, formed on the bark 
or on a leaf. This insect 
defoliates its foodplant, 
stripping large trees of their 
foliage. It is abundant in 
the hot weather before the 
rains and in some years is 
exceedingly destructive to the large trees upon which it feeds. It is 
checked by Tachinid parasites. | 


Fig. 327—OcINARA VARIANS. x 2. MALE ABOVE. 


Bombyx mori, Linn. (Plate XXVIIT, figs. 9 and 15) is the Chinese 
domesticated silkworm. spread from China to India and Kurope. 
Its domestication dates too far back to be recorded. As a result of 
domestication in various climates local races have arisen treated by some 
authors as distinct species. To the student of the Heterocera as a whole, 


these races will appear as varieties only ; to the student of silk insects 
they are of sufficient distinctness to 


they are domesticated races solely, 
Important Indian races described by 
by Hampson under this one species : 


rank as species, but for our purposes 
For convenience we give the more 
Hutton as distinct species, united 


—— 


Desi Polo, Ch Bombyn mori, Tk Univoltine. 
Nistr re 1 | a sae / ortunatus, Hutt. Multivoltine. 
Coats i croest, Hutt. Multivoltine. 


Nya Paw. 


» arracanensis, Hutt. Multivoltine. 
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Boro Polo, Bara Pat. Fombyx  teator, Hutt Univoltine. 
Sina, Cheena, Chota Pat. _,, sinensis, Hutt. Multivoltine. 
One important difference induced by domestication is the variation 
in the number of broods ; this is a matter depending largely upon climate, 
the one-brooded (univoltine) being probably the normal habit in a cold 
climate with short summer, the multivoltine found in warm moist loca- 
lities. There is a vast literature upon this subject and every aspect of 
this insect and its attendant industry has been fully discussed elsewhere 
(see below, page 489). ‘Silkworm gut’ is the fibre used by anglers for 
attaching their hooks, which must be strong and resistant to water ; it 
is the dried silk of the silkworm extracted by dissection from the silk- 
glands of the caterpillars just before it commences to spin, and drawn 
out into a thread from one to three feet long. It consists of the same 
material as silk, only drawn intoa short thick thread instead of into the 
extremely fine long thread of silk formed by the insect. It is an article of 


commerce produced in Italy and Japan. 
Silkworms also yield an oil (derived from the chrysalides) which 


is extracted from the stifled chrysalides afterreeling. It appears to have 


little commercial value. 


SILK. 


The silk of commerce is the thread employed by certain species of 
insects of the families Saturniide and Bombycide (and in Mauritius a 
Lasiocampid) for the formation of their cocoons. There is an immense 
literature on the silk insects of India and we are not concerned here with 
the commercial aspect of this question (See Watt’s Dictionary of 
Economic Products, Vol. VI, Pt. 111). Using the term in the wider sense 
to denote the thread produced by insects for cocoon-making or other 
purposes, we find that the faculty of silk-production is not confined to 
the few economically important species but is general among a very 
large section of the insect world. 

As a rule, silk is formed in the body of the insect as a fluid in the 
salivary glands which open by two minute apertures on the apex of the 
lower lip; the salivary glands are long sac-like structures with walls 
composed of large cells, and ending in two fine ducts which lead to the 
lower lip. Silk is poured out asa thick gummy fluid usually transparent, 
which rapidly hardens and dries, assuming then a tint of buff, yellow 
or brown. When used in cocoon-making, the insect spins a continuous 
thread at first on the object to which the cocoon is fixed, later building 
up the cocoon of continually added threads. The outer layer issomewhat 
irregular and not necessarily continuous, as it has to be adapted to the 
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nature of the support, but the inner layer 1s often oneee " peace 
one thread, disposed regularly round and round and finally he at Md 

some point inside the cocoon where the caterpillar finishes. The ore 
is thus built up from inside, the outside layer first, the fine inner layer 
last. In many insects this is then cemented with material produced 
by the caterpillar from the alimentary canal and the cocoon is finished. 
In some, the production of silk is not continuous, the caterpillar probably 
resting, and the cocoon consists of distinct layers which may be separated ; 
this is the case, for instance, in Eri and is the reason why a distinct thread 
cannot be got from these cocoons. 

This is the principal use of silk in the insect world, for the prepara- 
tion of the cocoon to shelter the pupa; the cocoon may not be of pure 
silk but may include fragments of plants, leaves, etc., or as well as earth 
or other matter ; the hair of the larvaisinmany used with the silk and 
forms a large part of the cocoon. Silk is also produced by glands opening 
on other parts of the body than the lower lip and then differs little from 
the gummy matter produced, for instance, by some weevils for the prepar- 
ation of the cocoon (c¢. f. Cionus, Curculionidae). 


Silk is not known to be produced by any member of the order 
Orthoptera. The Embiide produce very delicate silk from glands situate 
in the forefeet ; with this they prepare small web-like shelters on the soil 
under which they live. The Psocid@ prepare somewhat similar webs on the 
bark of trees or on old wood, the silk being excreted from the mouth- 
parts in the usual way and being of a very fine nature. The Myrmeleonides 
and Hemerobudes among the Hemerobiide produce silk cocoons; in the 
former the silk is the product of anal glands and issues from a single spin- 
neret at the apex of the abdomen; the cocoon is white and hard, the pupa 
being provided with jaws for cutting through and emerging. In the 


Hemerobiides the cocoon is round and white or is very flimsy and partly 
formed of a leaf. 


Among the Phryganeide silk is in constant use for the preparation 
of the cases in which the larva lives and is the product of the salivary 
Stee Some species (Hydropsyche) use the silk also in the preparation 
of the nets which are used to catch their prey. The use and production of 
silk in this group Is similar to that in Lepidoptera. Throughout the 
H a ea silk is produced by the larva for the cocoon ; these cocoons 
ae eae varied form, but are almost universally formed of very close 

ne _ : Mf © cocoon Is formed by some of the parasitic forms which 
yee e P e skin of the host. Among Formicid@ the silk is sometimes 
ne a or oa this is especially the case with the 
Tee An eco La 8: | i 
Fane Seen phylla smaragdina) an account of which is 

Among Coleoptera true sill j 

‘ 1 ne n j x ] 
cement produced by the dinrcnteae BR une e ae em i 
igs Poe aac ee ast one species of Chrys- 
me haretie (Ordes bipunctatus), this secretion ee the form of 
‘oarse threads g ver the sre i 

Gs spun over the pupa and forming a very rough cocoon of 
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thick silk. The bruchid Caryborus gonagra prepares a cocoon of coarse 
cummy threads that almost come within our definition of silk but which 
are also very little removed from the typical gummy secretion of other 
Coleoptera. 

The production of silk as described above is general throughout the 
Hesperiide and all Heterocera during larval life. In many Micro-Lepi- 
doptera, the silk is of vital importance in larval life, being used to fasten 
together the habitations of leaves or other matter. So also in Hesperude 
and Psychide. In other groups the larve use silk in very early 
life only (e.g., Caradrina and other Noctuids) or use it to let themselves 
down from leaf to leaf ; practically all can use it to make a rough surface 
to walk on if they are placed on toosmooth a surface ; and finally, nearly 
all use it in the preparation of the cocoon or of the covering of leaves, 
etc., which shelters them during the pupal period. 


Among Diptera silk is produced in the normal manner by the larva 
of Simulium, which lives in hill streams and fastens a network of threads 
across, along which it moves; some other Diptera which live in soil under 
bark, etc., also prepare silken shelters. 


Coccide are the last family in which silk can be said to be formed, 
and this silk is the product of the numerous glands on the pygidium ; 
the scale of the Diaspine is formed of felted threads of silk produced 
from these glands with the cast skins of the previous instars. In this 
family as in Aleurodide the glands producing waxy thread-like excre- 
tions are very abundant and can, strictly speaking, be hardly called silk 
glands ; in the Diaspine alone is the secretion used as silk is. 


The composition of silk.*—The main constituents of silk fibre are 
fibroin coated with a glue-like substance called Sern or Silk-Albumen, 
and coloured with ceraceous matter. Lombardy silk (Bombyx morv) 
yields about 70% fibroin and 30% sericin and even technically purified 
silk contains about 5% glue. #%broin is insoluble in superheated water, 
in dilute acids or alkalies; itcan be heated to 120° C. for hours without 
any change taking place. 


Sericin is soluble in weak alkaline solutions and in hot water, from 
which it can be precipitated as a white powder by alcohol. ‘The yellow 
colouring matter of raw silk consists of chlorophyll (the green colouring 
matter of plants) more or less altered and deprived of its blue constituent. 
From the cocoon unaltered chlorophyll may be extracted. 


Fibroin is obtained by exhausting the silk with boiling water, alcohol 
(to dissolve and precipitate sericin), ether and acetic acid successively ; 
analysis shows a very high nitrogen and a very low carbon content. It 
differs in its constitution very considerably from other albumins, as it 
contains more than 50% Glycocoll, 16% of tyrosin and only a small amount 
of leucin. Glutaminic and Aspartic acids are absent, and the base 
radicles are slightin amount. Itgives the biuret and Millon’s reactions, 


* Kindly prepared by J. H, Barnes, Esq., Agricultural Chemist, Funjab. 
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is not attacked by either pepsin or trypsin, while by eae acids ee 
alkalies it is converted into albumoses or albuminates. The si mht 
of wasp cells and spider’s webs give the reactions and show the solubili- 
ties of fibroin (Engel and Schlossberger). 

Sericin resembles ordinary gelatin in its solubility, but does not 

. a . . ne : m : a ce 

gelatinise so readily and is precipitated by acids. The presence of 
elycocoll is doubtful, while tyrosin and serin are abundant. 


PERCENTAGE COMPOSITION. 


Gelatine. Sericin. Fibrown. 

Glycocoll (Amino- Acetic acid). 1625 0°1-0°2 36°0 
Alanin (Amino-propionic acid). 0°8 5°0 21-0 
Leucin (isobutyl-a-amino-acetic acid). 2°] present 1:5 
Phenylalanin. 0-4 1°5 
Prolin (a-Pyrrolidin-carboxylic acid), 5-2 0°3 
Glutaminic acid, («-Amino-normal 

glutaric acid). 14-0 
Aspartic acid (Amino-succinic acid). ~ 0°56 
Serin («-Amino-/}-hydroxy-propionic 

acid). | present 6°6 10 
Hydroxy-pyrrolidin carboxylic acid 

(C; H, NO,). 3°0 
Lysin (¢ diamino-normal-caproic acid). 5°5 present. present. 
Histidin. (C, Hy N; 0.) ee present. 
Arginin (Guanidin-c-amino-valerianic 

acid). 9-3 4-() 1-0 
Ammonia. °43 1°87 
Tyrosin (phenyl-c-hydroxy-a-amino 

proplonic-acid). mat 10-0 


; The weight of silk produced.—In the cocoon the relative weight of 
silk formed is shown from the following figures of three Eri cocoons 
(Attacus ricini) 


Full-grown larva. 


C 126 grains. 91°6 101. 
coon, etc., atemergence. 47-4 S0°S | oo: 
7 jee ttter® 8-9 é: * .. 
Pupa case, ete, 1] - oe g i 
Cocoon. 7] i 5-8 4:9, 


It has been found that in Eri silk 75 to 


90 ; ra, oO 
worms to produce a pound of ae pounds of leaf must be fed 


to 


The following ra +h 5 

5 are the more important char istics 
' . : Z AY 6 ec "1S Ta . 
commercial Indian silks - I laracteristics of the four 


PLATE XLIV.—<Arracus Rictyi. 
Eri Sirk Morn. 
Fig. 1. Female above. . 
9 


im Male below. (The antenne are shown too small, ) 
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BoMBYX MORI: MULBERRY SILK: 


Univoltine Italian races or Multivoltine Indigenous races ; mulberry 
the exclusive foodplant used ; wholly domesticated, never free-living, 
silk white or yellow, reelable, the pupa requiring to be stifled. Grown 
in Bengal and Eastern Bengal as in parts of the Punjab, Baluchistan, 
and in Kashmir for export or local use. 


ANTHER4ZA PAPHIA: TASAR. 


Univoltine or bivoltine, polyphagous on wild forest trees; never 
domesticated, but fertilisation takes place in captivity from reared 
females; found wholly free-living in forests. Silk dirty-brown, reelable, 
cocoon with a peduncle, pupa requiring to be stifled. Collected in the 
forests of Bombay, Madras, Central Provinces, Bengal, United 
Provinces and the Punjab for local use and for export. 


ATTACUS RICINI : ERI. 


Multivoltine, polyphagous but reared only on castor ; partly or 
wholly domesticated for rearing but also found wild rarely ; silk white 
or brick-red, not reelable, the moth being often allowed to emerge from 
the cocoon before it is used ; cultivated in Eastern Bengal and Assam 
mainly for local use, but also for export for spinning with the waste of 
mulberry and other reeled silks. ; 


ANTHERZA ASSAMA : MuUGA. 


Multivoltine polyphagous on wild forest trees ; partly domesticated 
but also found wild ; silk white or yellow, reelable, the pupa requiring to 
be stifled ; cultivated in Kastern Bengal and Assam, mainly for local use. 


LirERATURE.—Thereis an extensive literature on Indian silk and 
sericulture ; with the exception of Cotes’ papers in Indian Museum Notes, 
little has been written by persons acquainted with entomology but much 
is valuable from other points of view ; Watt’s Dictionary of Economic 
Products summarises the literature down to 1893, since then the principal 
papers published are :— 


Monograph of Silk Fabric Industry in Madras (E. Thurston, 1899). 

Monograph upon the Silk Fabrics, Bombay (8. M. Edwardes, 1900). 

Monograph upon the Silk Fabrics, Bengal (N. G. Mukherji, 1903). 

Monograph upon the Silk Fabrics, Assam (B. C. Allen, 1899) 

Monograph upon Silk in Burma (J. P. Hardiman, 1901). 

Monograph on Silk Fabrics in North-West Provinces and Oudh 
(A. Yusuf Ali, 1900). 
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Monograph on Silk Industry of the Punjab (W. M. Hailey, 1899). 


Report on an Inquiry into Tasar Silk Industry in Bengal and the 
Central Provinces (N. G. Mukherji, 1905). 


BRAHM AIDA. 
Frenulum absent ; forewing, vein 5, nearer 6 than 4. Hindwing, 
vein 8, approximated to or anastomosing with 7, le. absent. 


A family containing a single genus of two species in India, confined 


to the Himalayas and Burma. 


Brahmeea wallichi, Gray, and B. hearseyi, Wh., are large olive brown 
moths of an expanse of 5 to 7 inches, the wings with many black marks. 
They are not found in the plains and are characteristic of the hill forest 
areas. 


URANIIDA. 


Forewing with vein 7, remote from 8& and 9, usually stalked with 6; 5 
nearer 6 than 4. Hindwing with vein 8 diverging from 7 
at the base, vein 1c. absent. 


A family of moths almost wholly confined to the Himalayan and 
other hill regions. In the Fauna of India, Moths, Vol. III, 59 species 
are described, and Hampson has added 24 species since. It includes the 
insects described in the Fauna of India under Uranude, Epicopiide, 


Epiplemde : of the first, none are plains species and none will be found 
outside the hills. 


Epicopiide.—These are moths resembling Papilionid butterflies in 
appearance and form. This family consists of a single genus and five 
species, wholly confined to the Indo-Malayan region, J apan and China. 
The moths are large, coloured in black with red and yellow markings ; 
the forewings are black, the costal margin long ; the hindwings are long, 
narrow and of the form typical of certain Papilios marked with yellow 
blotches and red marginal spots. The body is narrow, coloured in red 
and black. The caterpillars so far as known are clothed in white efflores- 
hich may be in the form of a dense filamentous coat or of a 
powdery covering. They live on trees and pupate in a light cocoon. 


cence w 
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Two forms of the species Epicopia philenora, Westw., occur in Bengal, 
the remaining species and forms in the Himalayas, Malay Peninsula, 
China and Japan. The most recent account of the family is in Genera 
Insectorum by A. Janet and P. Wytsmann. Of the Lpiplemine a small 
dull brown moth Dirades theclata, Guen., alone occurs in our area, 
appearing during the rains. Its life-history appears to be wholly 
unknown. 


PSYCHIDA. 


Female wingless in a case ; larva of both sexes in a case. Frenulum 
present in male; forewing with vein le. present ; proboscis absent ; 
middle spurs of hind tibie small or absent. Hindwing with vein 8 
connected to cell by a bar or free; 1c. present. 


The insects composing this family are immediately recognisable 
from the fact that the female in all stages, and the male except in the 


Fig. 323—MAHASENA GRAMINIVORA. A. MALE, B. 
FeMALt, C. Larva. [I. M.N.] 


imago stage livein cases composed of vegetable matter and silk, the case 


having a characteristic form for each species. Case bearing larvee occur 
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also in other groups, e.g., Tinea in houses, Coleoptera, etc., on plants, 
but they are far smaller. 

The males are small delicate moths with dusky or hyaline wings and 
markedly pectinate antenne. They are very rarely se6n and come out 
after dusk. ‘The female is an undeveloped chrysalis-like insect without 
wings, which remains in the larval case. 


The life-history of the known species is as follows: The female is 
fertilised by the male in the case, the long protrusible abdomen of the male 
penetrating into the female case from above. Eggs are laid in the case, 
the female gradually shrinking up as the eggs fill the lower portion of the 
case. The larve hatch, emerge from the parents’ case and make their 
own little cases of vegetable matter and interwoven silk; these cases are 
extremely tough and durable, with a characteristic form and constitu- 
tion for each species. Pieces of leaf, thorns, leaf-stalks or finely divided 
vegetable matter are woven into the case which is open at each end, the 
head and thorax of the larva emerging at one end : progression is effected 
by the thoracic legs, the case being firmly held by the hind end of the 
body. This larva is a typical caterpillar with three pairs of legs and can 
extrude the thorax for purpose of locomotion, dragging itself and its case 
slowly along ; when full-grown the male larva closes the case after firmly 
fastening it, the caterpillar pupates head downwards, the pupa wiggles 
half through the lower open end and a moth emerges. The female larva 
moults, passes through a period of rest, and is found in the case as a verml- 
form sac, without external structures and simply a bag of eggs with a 
genital opening below. The male seeks out the female, fertilises her by 
introducing his protrusible abdomen at the upper end of the case and 
stretching it to the lower end and she subsequently lays her eggs in a 
mass in the lower part of the case. Parthenogenesis occurs in one 
species, but is not known in any Indian species. 


Hampson lists 35 species, and has added five since, almost all from 
Ceylon or the hills. Actually very little is known of the group, as the 
moths are rarely captured and it is not always possible to rear the larve. 
Species can, of course, be distinguished only from the male moth. No spe- 
cles is really common, but several species 
in the plains. The life-history is a slow 
requires much patience, 


are likely to be found, as larve, 
| one, and to breed the males 
but it is the only satisfactory method. 
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PLATE XLV.—Arseta Terraonis. 


t Larva, full grown, 


Second and third abdominal segments of larva. 

Pupa., 

Ventral surface of pupa, x 6. 

Apex of abdomen of pupa. x 6, 

Moth. | 

Branch showing the masses of excrement and webbing with 
which it covers the bark on which it feeds. 


PLATE XLV. 
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Mahasena graminivora Hampson is figured here in all stages: it 
is found in rice in the plains, its case being formed of rice leaves sewn 
together with silk. The figures 
are taken from specimens reared 
in Calcutta on thatching grass. 
(Indian Museum Notes, IV, p. 
19.) We figure also the case of 
Psyche vitrea, Hmpsn., which 
feeds upon mango leaves in the 
plains of India. The moth has 
entirely hyaline wings. Most 


species have dark wings and 
are distinguishable on the vena- ieee Ce ae ae se 

tion which is very distinct, 

and onthe nature of the larval’case; no species can be considered 
as real pests, though a number are recorded upon tea in the hills and the 
last mentioned species has been found destructive to mango. We may 
also mention <Acanthopsyche moorei, Heyl., found in Calcutta on 
Lagerstremia indica, described as Babula grotei by Moore. A short 
account of this insect occurs in Indian Museum Notes, II, p: 13.4eThe 
larvee of Chalia Doubledayi feeds on Amaltas (Cassia fistula) which 
they disfigure by eating the epidermis: specimens were sent in as being 
very destructive to this tree and killing it, being very abundant. 


ARBELIDA. 


Forewing, vein 1c. absent. Hindwing, vein 8 free or connected 
to the cell by a bar, vein le. present. 


A small family of moths in which the proboscis is absent, and the 
male antenne are bipectinate to the apex with short branches. A single 
genus Arbela (5 species) occurs in India in the form of the familiar borer 
at lichi, bair, guava, mango, orange and other fruit trees. The larva 
may be known by the peculiar patches of excrement and silk found on 
the bark of these trees near the bore of the caterpillar, which comes out 
at night, feeds on the bark and makes this peculiar covering on the part 
it eats. The insect is a very common one in the plains, the species being 


A. tetraonis, Mo., figured here in all stages. (Plate XLY.) 
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5 : , ae i aS 
Antram has described the life-history of A. dea, Swinh., and A. quad- 
a = ‘4 hl ore atk 
rinotata, Wik., which eat the bark of tea in Assam. (Bull. Tea Associa- 


tion, 1907, No. 5.) 


RATARDIDA. 
Frenulum absent ; forewing, vein le. present ; proboscis absent ; middle 
spurs of hind tibie short or absent. Hindwing, vein 8 free 
or connected to cell by a bar, vein le. present. 
The family contains a single genus Ratarda, of moths formerly 
classed with Lymantriide and consists of a single species, R. 


marmorata, Mo., described from Sikkim. 


CossID&. 


Both sexes winged. Frenulum present, proboscis absent, middle spurs 
of hind tabi@ short or absent ; forewing, vein le. present, hindwing, 
vein 8 free or connected to cell by a bar, remote from 7, vein 1c. present. 
Larva boring, pupa in bore. 

These are medium-sized to large moths, with long narrow wings and 


a long abdomen, usually coloured in grey, brown or dull colours. The 


Fig. 330—ZEUZERA COFFEE. [I. M.N,] 


antenne are bipectinate in the males or in both sexes, the males being 


usually conspic sly g 
y Spicuously smaller than the females. The larve are found 
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boring in trees, eating large tunnels through the wood. They are 
smooth with five pairs of suckerfeet, the body usually with chitinous 
dorsal plates. Some emit a characteristic and unpleasant odour. 
Pupation takes place in the tunnel, the pupa not in a cocoon ; a hole is 
previously made to the outside and the pupa before emergence wriggles 
partly out of the bore, the moth then escaping readily. The moths are 
nocturnal in habit. Practically all are hill forest species and only 
rarely found in the plains. Hampson lists twenty-three species as 


29 


‘“<Tndian. 


Cossus cadambe, Mo., is a brown insect whose larva is recorded as 
boring in teak in Travancore. (Ind. Mus. Notes, I, p. 198.) Duomitus 


Fig. 331—Cossus CADAMBA. [I. M. N.] 


leuconotus, W\k., isa large black and white moth with an expanse of 4 
to 5 inches in the male and 7 inches in the female. This insect occurs 
scattered over India, usually near or in forest areas. D. mineus, Cram., 
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is smaller, coloured in metallic blue and yellow, also widely scattered 
but not common. 

Azygophleps scalaris, Fabr., and A. pusilla, Wik., ate found rarely. 
The former is found boring in Sesbania grandiflora (agathi) and S. egqyp- 
tiaca (Jainti) in Bengal and Madras. The moth lays a large mass of 
eggs, numbering from 500 to 2,000, between and on the leaflets, cemented 
firmly together. The caterpillars on hatching let themselves down by 
trends and are blown from plant to plant and so secure a wide distri- 
bution among the thickly growing plants. A single caterpillar tunnels 
from the growing points down the main stem, biting holes to the air at 
intervals. Larval life lasts from 7 to 12 weeks, the full grown caterpillar 
being white, nearly three inches long. Pupation takes place in the 
tunnel behind silken partitions, and the moth emerges from the pupa 
after it has pushed its way through these and through the thin 
epidermis of the bark which alone is left intact. 


Zeuzera includes the red Borer of the coffee plant, Z. coffee, Nietn. ; 
the reddish caterpillar tunnels in the stems of the coffee bush and is 
often destructive ; it is also found in Sandal (Santalum album); a consi- 
derable amount of attention has been paid to this insect and the interested 
reader may consult Bidie, the Ravages of the Borer (Madras, 1869). 


LASIOCAMPIDZ. 


Frenulum absent, hindwing with vein 1a. reaching the tornus, no pre- 
costal spur to vein 8, which is curved and approximated to or connected 
with 7, or anastomoses with it. Forewing with vein 5 nearer 4 than 
6; hindwing with vein 1c. absent. Larva with downwardly directed 
tufts of hair, pupa in cocoon of silk and hair. 


The moths cannot be recognised on superficial characters in the field ; 


most are of moderate size, thick bodied, of light colour, cryptic in design. 
Their resemblance when in the restin 
marked and beautiful. 
small and porrect. 


g attitude to a leaf is sometimes very 
The antenne are short and bipectinate, the palpi 
The legs are hairy with minute spurs, the females 
usually with an anal tuft of hair. Males and females differ in little but 
seer colour and the extent of pectination of the antenny. The life- 
history is known in some Species ; the eggs are laid in irregular clusters 
and covered in hair; the larva are hairy without upright tufts but with 


PLATE XLVI.—TRABALA Visunv. 


Castor Harry Carerpituar. 


1. Eggs, 

2. Newly hatched larva. 
3. Half-grown ‘3 

4. Full-grown 3 

5. Cocoon. 

3 } Pupa. 

6 

8. Male, resting attitude, 
J. Female, 5 
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long tufts projecting in front and short tufts laterally. They are all herbi- 
vorous and sometimes destructive. Pupation takes place in a cocoon of 
mingled silk and hair, usually on 
the soil among leaves, etc. So 
far as known, hibernation takes 
place in the pupa stage and the 
insects breed freely in the rains. 


Over fifty Indian species are 
listed by Hampson of which about 


six are to be found commonly in the 
Fig. 332—Meranasrria nyrtaca, Mate. Plains. T'aragama siva, Lef. (Plate 

XLI, figs. 8-11), is a handsome 
moth, whose larva feeds on rose, on ber (Zizyphus jujuba) and babul 
(Acacia arabica) ; it is greyish brown with tufts of long hair, on the 
thorax are tufts of short dense hair which open to display a band of 
orange and bright blue hair. The cocoon is formed on a twig of the 


plant. Swana concolor, Wlk., is recorded as feeding on Sal (Shorea 
robusta). 


Fig. 333—METANASTRIA HYRTACA. FEMALE. 


The larva of Metanastria hyrtaca, Cram., was found by Forsayeth 
(Trans. Ent. Soc., London, 1884, p. 407) to feed upon the mohwa tree 
(Bassia latifolia). It has been reared from Albizzia stipulata. The grey 
larva is clothed in black hairs, with a velvety black patch on the mesono- 
tum, which is concealed by the skin except when the larva stretches 
out. 


Q 


IiL ad ae 
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Trabala vishnu, Lef., is a widespread insect, the grey larva feeding 
upon Castor, Jam (Hugenia jambolana), Sal and the country almond 
(Terminalia catappa). De Nicéville reared this with many others on the 
last in Caleutta (Ind. Mus. Notes, V, p. 107). The moths are large, the 
female larger than the male ; at rest the costal edge of the lower wing 
projects in front of the upper wing and there is a very close resemblance 


to aleaf ; the female is yellow, the male a delicate green. (Plate XLVI.) 


Estigena pardalis, Wlk., is a brown moth, with a very close 
resemblance when at rest to a brown leaf, the projecting palpi forming 
the black twig, the head forewings and projecting costal part of the 
forewing presenting an even surface entirely concolourous with no 
projecting edge and looking like a leaf. The antenne are hidden 
and the whole resemblance is extraordinarily close. (Plate XLI, fig. 
12.) The larva is a long grey larva, with the typical lateral tufts and 
on the thorax short tufts of dense black hair. It is found in the early 
rains and the moth is crepuscular. 


LIMACODIDZ. 


Frenulum present ; hindwing with vein & anastomosing with 
cell, distinct from 7 : vein 1c. present. 


The common members of this family have a characteristic facies, 
with a rounded forewing and a somewhat short and rounded hindwing. 
The palpi are short, porrect or upturned, the antenne commonly pecti- 
nate in the male, the body rather thickset and short. Most are dull 


coloured in shades of dull brown, but some are more or less coloured in 
bright green. 


The most characteristic features of the family are found in the im- 
mature stages. Eggs, so far as known, are flat and scale-like, laid in 
overlapping rows. The larva is slug-like, the head, legs and suckerfeet 
retractile, the ventral surface forming a_ peculiar smooth sucker-like 


attachment along which the larva glides as a slug does. There are 


three forms of larva; in one, the body is distinctly segmented above 


and bears spinous tubercles, the spines often very irritant owing to the 
presence of formic acid (Natada, T hosea, Parasa 

. > 
the body is segmented but 
etc.) ; 


Narosa, etc.) ; in another, 
without tubercles (Cania, Altha, 
in the third, the body is covered above in a thick smooth skin 
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without visible segmentation (Belippa, etc.). The last includes the so- 
called “Gelatine grubs,” smooth gelatinous insects of a dull green 
colour found in very 
moist localities in the 
hills. (Plate XXVIII, 
fig. 14.) The commoner 
plains’ species are of the 


first type. 


Pupation takes place 
in a very hard round or 
oval cocoon, which opens 
at one end in a distinct 
lid for the emergence of 
the imago. The pupal 
period is commonly long 
and this compact cocoon 
is a protection during 
the period of hibernation. 
None are definite pests in 
the plains since they 
occur only rarely ; 
Belippa has been found 
to injure Cinchona in 


the Himalayas. Hamp- 


Fig. 331—THOSEA CERVINA. A. B. Larva, C. son lists 25 genera with 
Cocoon, OPEN. D. MALE, E. FEMALE. 
(I. M. N.) 


nearly one hundred 
species of which less than 
ten occur within our limits; 24 species have been added since the 


Fauna volume was issued. 


Altha nivea, Wlk., has been reared from larve found upon castor 
leaves and is, though rare, widespread on this plant in the plains. The 
white moth is singularly beautiful, the thorax heavily tufted with 
upright scales. 


Thosea cana, W\k., is a dull brown moth, whose green larva feeds 


on castor. The larva hag a double row of tubercles bearing spines. 
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series of blue spots 
The larva of 7’. tripartita, Mo., has a domal std = ae ‘a i Bor oe 
°) ¢ « U > Ps 1 r oa x J TA te J Ol ( D] 
and was found by Forsayeth to feed on the Pole ea 
c ar 4 d 


Fig. 335--NATADA VELUTINA, LARVA. (I. M. N.) 


1884, p. 14.) We figure the larva of Natada velutina, Koll., which feeds 
on mango and has extremely irritant spines. The moth is red-brown with 
an expanse of three inches. Miresa albipuncta, Herr.—Schaff, has a 


silvery spot on the forewing ; its larva was found by Forsayeth on the 
Palas tree (Butea frondosa). 


Three species of Parasa are 
common and likely to be 
found ; all have green occu- 
pying the middle of the 
wing, with more or legs 
brown on the body and 
wings. The larva of Parasa 
lepida, Cram., feeds on castor 
and mango; it is 
recorded as 


also 
having been 
very abundant on Asphal 
Ne Vg p. 2I) 


Fig. 336—PARASA LEPIDA LARVA. 


(Nephelium longana) in Caleutta (1. M. 


, and de Nicéville reared it on the country almond 
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(Lerminalia catappa). It pupates in very compact felted cocoons on the 
trunks of trees in which state it is often found abundantly. We figure 
the larva of Belippa laleana, Mo. (Plate XXVIII, fig. 14), a gelatine 
grub, in which the outlines of the segments are lost, and the dorsum 
consists of a smooth semi-transparent mass of tough tissue; the beautiftl 
tufted red-brown moth is found in the plains rarely. 


NEOCASTNIIDZ. 


No proboscis ; hindwing with vein 8 free, remote from 7, frenulum pre- 
sent, l.c. absent, forewing with vein 5 nearer 4 than 6. 


A single moth, found in ‘Tenasserim, is the sole Indian representa- 
tive of the family. Neocastnia nicevillei, Hampson, is described in 
Trans. Ent. Soc., Lond., 1895, p. 285, as also in Fauna of India, Moths, 
Vol. IV, p. 471. 


MICROLEPIDOPTERA. 


The characters of the group are defined above on page 432, and we 
have there stated our reasons for adopting this grouping. Apart from 
the purely structural characters of the group as shown by the venation 
of the wings of the imago, there are other characters which make the 
group at least a useful one in practice if not also a logically correct one 
phylogenetically. The eggs of these moths are, as far as known, different 
in character from those of the Rhopalocera, and from the majority of the 
Heterocera ; they are flattened, often scale-like or elongated, with the 
micropile at one end; they are not ornamented with radial ridges and 
polar points but are often reticulate or simply smooth. The larva has 
the five pairs of prolegs equally developed as a rule, the hooks on 
them being in a circle and not set in two opposed lines; they are 
smooth cylindrical larvee with few short hairs and of the form known 
generally as ‘‘ Pyrali-form.’’ They live commonly in concealment 
(except Pterophoride) and do not feed openly ; where they are leaf eat- 
ers, they roll the leaf or hide themselves with it or init In some manner ; 
many are borers in soft tissues, and if we exclude the large borers in woody 
tissues, the majority of the agriculturally important boring caterpillars 


are included here. 
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Periods of rest are commonly passed in a resting larval condition 
and not in the pupal condition as in the larger moths ; pupation takes 
place in concealment in a covering of leaves, bark or other material 
with a small quantity of silk as a rule, though one family (Pterophorider) 
pupate openly without a cocoon and another (Zygenidq@) make a silk 
cocoon in the open. 

The imago is in the majority of cases small in size and the group in- 
cludes almost all the small moths found in the plains; but size in itself 
is no criterion in this case, and the characters enumerated here are 
supported by the structural distinctions given above. 


ZYGENIDA. 


Hindwing vein 8 connected to cell by a bar and approximated to it ; 
vein lc. present. Proboscis present (cacept Phavdine) ; 
middle spurs of hind tibia very short or absent. 


A small family of moths, believed to have been derived from the 
Tineid@, embracing insects of very divergent appearance. The Lyge- 
nun@ are small moths, resembling the Syntomide ; the Chalcostine are 
large, the antenne bipectinate to the tips, often with a resemblance to 
butterflies; the Phaudine are smaller, without mouthparts, and includ- 
ing but few genera. The most interesting feature of these moths is the 
very marked Batesian mimicry that some of the species exhibit, mimick- 
ing protected butterflies; the figures illustrate this for one species but it 
occurs in several, and the moth collector in the hills where these moths 


occur will be forcibly struck by their resemblance to insects widely re- 
moved from them in ancestry. 


So far as known the species are almost wholly hill or forest forms, 
not occurring in the plains. Tasema fuliginosa, Mo., is a small moth, 
dark brown and black, with an expanse of 15—17 m.m. f . 
ophosoma quadricolor, Wik,, 
the abdomen cupreous and pu 
found in Bengal and Ganjam. 
vivid hill species, w 


ound in Calcutta ; 
is slightly larger, brown shot with green, 
rple, with lateral tufts of hair on the apex, 
Campylotes histrionicus, Westw., is a very 
hich on being handled, emits a bubbling frothy liquid 
from apertures on the side of the head, as does t 
es miliaris, this being protective 


he grasshopper, Aularch- 
tion. TI ) In Conjunction with the warning coloura- 
lon. wyrassia subcordata. Wiz 

Y a, Wlk., resembles a Syntomid, the forewing 
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brown with hyaline spots, the hindwing orange and brown, with an 


expanse of one inch. We figure [sbartaimitans, Butl., with the butterfly 


Fig, 337—DANAIS AGLEA (ABOVE) AND 


ISBARTA IMITANS. REDUCED 4, 


it mimics, Danais aglea. Trypanophora semihyalina, Koll., is figured 
in Indian Museum Notes, Vol. V, pl. X, from specimens reared by de 
Nicéville on desi badam (T'erminalia catappa) in Calcutta. The species 
of Heterusia feed upon tea in subtropical India and Ceylon ; an account 
will be found in Bulletins, Indian Tea Association, 1906, No. 5, and Journ. 
Bombay Nat. Hist. Soc., XVIII, p. 430. 
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CALLIDULID. 


A precostal spur to vein 8 of hindwing which is curved and approxi- 
mated, or anastomosing with, or connected to 7 by a bar. 
Vein le. absent. Forewing vein 5 nearer 4 than 6. 


These are day-flying moths of medium size with simple antenne 
and long palpi; six species are known from the hills, none in the 


plains. 


DREPANID &. 


Hindwing, vein la absent or reduced, no precostal spur to vein 
8, which ts curved and anastomoses with, or approximated 
to, 7, or ws connected by a bar ; vein le. absent. 
Forewing vein 5 nearer 4 than 6. 


These are small moths of slender build with the wing apex often 
produced ; the wings are large, the palpi slender and the antenne simple 
or pectinate in the male. Nearly all are hill forms and are not met with 
in the plains. The larva is bare, the anal prolegs absent, the body ending 
in a long process and having humps on the segments. The pupa is found 
in a cocoon among leaves. (Hampson.) The Fauna lists 65 species 
and 14 have been since added by Warner, Swinhoe and Dudgeon from 
the Himalayas and Khasis. 'These moths are found almost wholly in 
Subtropical India, only one being known to breed in the plains, though 
others are very occasionally captured near forest areas. They are not 


uncommon in hill forest areas and are one of the families so character- 


istic of the subtropial zone of insect life in India. Phalacra vidhisara, 
Wlk., is a small reddish-brown moth whose larva feeds on the toddy 
palm (Phania sylvestris). It is a broad larva, green with four rows of 
pink processes bearing spines, lying on four green ridges which are 
ponnecued. by cross ridges ; between these are purple spots; the head is 
retractile. The larva is-slow and inactive, feeding on the leaf. This 
Insect occurs rarely in the moister parts of India. Oreta eatensa, W1k., 


IS more widely spre: rill 
; Y Spread, a brilliant yellow moth with the forewing drawn 
out at the apex. 
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THY RIDID Ai. 


Frenulum present, hindwing vein la reaching tornus, no precostal spur 
to vein 8, which is curved and approximated to or anastomosed with 
vein 7 or connected by a bar. Vein Ic. absent, wing vein 5 nearer 4 
than 6. Moderate sized moths accurately distinguished by the vena- 
tion above. The palpi are upturned and slender, the antenna not 
pectinate. 


A family of nearly 60 species of which three are found widely dis- 
tributed in India, the remainder known only from a few localities in the 
hills. The life-histories are little known, the larve known having five 
pairs of prolegs, few hairs and the form common in Pyralide. Rhodo- 
neura is the most important genus, represented by R. myrsusalis, Wlk., 
R. myrtea, Dr., and many hill forms. Dysodia igmta, WIk., is also wide- 
spread, the larva boring in wood. 


PYRALIDA. 
Hindwing with vein 8 anastomosing with or approximated to vein 7, 
vein le. present. Slender moths with long thin legs, with labial and 
maxillary palpi usually well developed, the proboscis present or 


absent. 


A large family of moths of usually moderate to small size, few hav- 
ing an expanse so large as two inches. They are intermediate in size be- 
tween the robust Noctuids and the minute Tortricids and 'Tineids ; ac- 
tually the majority of the smaller moths seen in the field are Pyralids, but 
thereis no means of definitely ascertaining this save by working out the 
venation and the student will confuse smaller Noctuids and the large 
Tineids with Pyralids. The greater number of the smaller moths in grass 
and at lights are Pyralids and the family is a very extensive one. The 
colour schemes of these moths are extremely diverse and are not of the 
more obviously cryptic or warning kind of larger Lepidoptera. To those 
who study the group in the Museum, the colouring presents a great 
variety that, subordinated to points of structure, offers reliable specific 
distinctions. Sexual differences are expressed in the structure of the 
wings, palpi or antenne, or in the size but rarely in the colour. To the 
field naturalist, the colour patterns of many Pyralide are inexplicable ; 
the grey forms, such as many of the Gallervine, appear to be vaguely 
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, es 
cryptically coloured, or at any rate, inconspicuously coloured. 7 The oe 
moths are often ‘‘dry grass coloured’’ and equally inconspicuous, Du 
Scirpophaga, for instance, is white and very consplenous by day in its 
open resting position on a green leat. Many Phyowing are se a 
modestly coloured and in their resting attitude blend with the shadows 
of the cool dark places in which they rest. Of the complex patterns of 
Nymphula, it is possibly near the truth to say that the minute marking 
blends with their surroundings in a manner we, with grosser sight, cannot 
appreciate. Of the Pyraustine, with their vaneby: of tints, no adequate 
explanation is possible. There is almost every tint of white, to yellow, 
green, brown, orange and so on, the colour pattern often complex and 
vivid, often a blending of soft tones with little contrast. 


The antenne are usually simple, the males with ciliations or tufts, 
with expanded basal joints or with pectinations. The characters of the 
male antenne especially are of value in discriminating species. The 
labial palpi are usually conspicuous, porrect or upturned, of varying 
length and very diverse form; in some they are large, and densely scaled, 
concealing the smaller labial palpi that lie above them; the small curled 
proboscis is not conspicuous and_ is frequently absent. The thorax 
and abdomen are typically slender, densely scaled; the latter may be 
tufted or terminate in a tuft of long scales inthe males. The legs are 
long, with distinct spurs. The Wings are usually slender, without long 
hair fringes, often with tufts of scales in the males; they are in some 
sub-families wrapped round the body in repose, in others placed one 
over the other flat on the abdomen as in the Noctuids, rarely’ held 
out from the body as in the Rhopalocera. Males and females ara com- 
monly similar in appearance, the males with ciliations of the antenne, 
dilated palpi, or tufts of scales on the wings, legs and abdomen. 


The life-history is uniform in general character throughout the group. 
The eggs are flattened, laid singly or in clusters upon the foodplant and 
are, as a rule, inconspicuous. A few species are known to cover them 
with hairs (Schenobius. Scirpophaga). The larvee are, with exceptions, 
of one general type, cylindrical, tapering evenly to head and tail, the 
segments distinct ; a prothoracic shield is 
are ten in number, and there are fine hairs set on flat tubercles, usually 


dark in colour. Tufts of hair and protuberances do not occur. In 
general the larve live in concealment, eithe 


present or absent, the prolegs 


t boring in stems or fruits, living 
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below ground amongst decaying leaves or in bark, or rolling leaves as 
shelters. Some of the Hydrocampine are aquatic, whilst a few species 
are household pests or live in bee-hives. A character the larve share 
with the Tineide is that the suckerfeet have the hooks in a circle, whereas 
those of the Noctuide and other Macrolemdoptera are in two opposed 
series on the suckerfeet. The pupa is hidden, in a cocoon or ina shelter. 
It is commonly chestnut brown with some segments of the abdomen 
movable. In most known species, the life-history is short, the larva 
developing rapidly, the period of pupation short in the hot weather or 
rains. Hibernation or an equivalent period of rest occurs in all but those 
whose food supply is always available, and this is frequently spent in a 
resting larval condition as in most microlepidoptera. 


In general, this period of rest appears to depend upon climatic con- 
ditions and food supply, varying with individual species. A large num- 
ber appear as larve in the rains and until October, when they disappear 
again. The cold weather is passed in all stages, most generally in the 
resting larva, rarely the pupa, state. Many emerge as imagines in March 
or April and breed if food is available, if not, living over until the rains. 
The question is too big to be adequately discussed here and the simplest 
general view is that each species breeds when climatic conditions permit 
of food supply and that in most, this occurs only in the rains and imme- 
diately after. The collector will find his specimens most abundant in 
March, April, June, August and October. Practically all species pro- 
bably fall roughly into five groups: (1) those that are to be found in 
their foodplant throughout the year, with a period of hibernation varying 
with the locality and temperature (e.g., Chilo simplex, Huzophera perti- 
cella, Scirpophaga); (2) those that do not hibernate in their foodplant 
but are found breeding from April to November, hibernating in the soil 
or in shelter (e.g., Sylepta, Phycita); (3) those that appear and breed 
only in the rains (eg., Marasmia, Pachyzancla, Antigastra) ; (4) those 
that appear in the hot weather and hibernate in the rains (Anerastia) ; 
(5) others, whose development is dependent wholly upon the fruiting 
of trees, etc., and which are found once, twice or often in the year with 
periods of waiting between as larva or imago (Hazophera puniceella, 
H etcrographis bengalella). There are then such household species as 
Ephestia, whose broods are continuous throughout the year, due to 


abundant food. 
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Many species are nocturnal, coming out in the dusk to fly actively 
and to mate. During the day they remain concealed in shady moist 
places. Some are found resting in exposed situations during the day, 
the white Scirpophaga auriflua being commonly seen on rice or cane 
leaves and others on bark, on walls, etc. Many are attracted to light 


and numbers come into houses at night. 

The eggs of such Pyralid@ as are known, have been found to contain 
egg parasites of the family Chalcidw. These parasites are an important 
check upon the destructive species which lay eggs in clusters in the open. 
The larve are attacked by parasitic Hymenoptera and, more rarely, 
Tachinidae, as are other caterpillars, and every abundant species has its 
parasites. Predaceous and stinging Hymenoptera also prey upon the 
larvee, feeding upon them or laying them up for their young. Carabid 
larvee feed upon such species as live exposed and other predaceous insects 
probably destroy large numbers of the more hidden caterpillars. The 
moths are preyed upon by dusk and night-flying bats principally. 

This family is, with the Noctwide, the most destructive to crops 
and stored products. A large number of species feed upon cultivated 
plants and several upon grain, flour, etc. The destruction ig caused 
wholly in the larval stage, some of the widely spread species being res- 
ponsible for much logs in Indian Agriculture. Almostall the destructive 
boring caterpillars fall into this group; the moth-borers of cane, the 
stem-borers of brinjal, the borers of pulses, castor seeds, til capsules, 
brinjal fruits, pomegranate fruits, the leaf-rollers of cotton, rice, maize, 
being the best known examples of injurious species in India 


A great deal remains to be learnt of Indian species; two of the com- 
mon "ers 1 ; ae 
ee of cane in Behar were described only after they had been 
reared tro he eatery) S : " 
a m the caterpillars, and there are many undescribed Species to 
) ba . . . - 
e es in the plains. The life-histories of few are known and these 
are the species + a : . 
e PRecies that are most readily found as caterpillars. There are 
many species ita ak ioe 
ts * ee live as larvee among roots of plants, in orass-stems. 
ark 7 3 : . + 
of lif e i a : are which remain to be worked out. To the student 
I iile-histories there js 
; S ampl ats : : 
ing and rearing of Pyrp]; ple Toom for work and the systematic collect- 
“ait hehe wee © Would yield much that is new and 
J row much light on the bionomics of this oy 
‘his group. 


TI ze 
‘He moths are classified 
Ss a . € © : re) 1 j 
upon characters derived from the venation, 
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the presence and form of the maxillary palpi, the formofthe labial palpi. 
The species are largely distinguished by the male characters, which in- 
clude tufts of hair on the wings and anal segment, the form of the an- 
tenn, the form of the palpi. For such characters and for the classifica- 
tion of the Indian species, Hampson’s Moths of India, Vol. IV, should be 
consulted, but the actual identification of species from such a volume is a 
matter of very careful study and, until some experience is gained, 1s 
not an easy matter. We may add that the family requires very careful 
study, and revision, and it may be hoped that when more material is avail- 
able, this will be done. Volume IV of the Fauna of India contains des- 
criptions of 1,130 species from India, Burmah and Ceylon and Hampson 
has since added over 300 species from India (Journ., Bombay Nat. Hist. 
Soc., SILEX VITE). The student of this group should see Waring 
and Swinhoe’s articles on the Khasi Species mn A. N. H., Ser. VI, 
Vols. 16, 17, 18. 


Galleriine.—A small sub-family distinguished by the venation and 
filiform maxillary palpi. The known larve live in concealment and 
produce much silk in the form of webbing and cocoons. Trachylepidia 
fructicassiella, Rag., is one of several moths which may be reared from 
the pods of Amaltas (Cassia fistula). The female, which is larger than 
the male, has far larger palpi. The species is widespread in India, where 
its foodplant grows; there are probably two broods yearly at least, a 
distinct one being known in November to March, another in September, 
but this depends upon the fruiting of the foodplant. Achroia grisella, 
Fabr., is bred from bee-hives, the larva feeding on the wax. Lamoria, 
anella, Schiff., has been bred from larvee found among fallen leaves of 
indigo ; the larvee were black at first, becoming sordid white later ; 
pupation took place in a cocoon of silk and leaves, the pupa remaining 
torpid through the cold weather and only emerging in March as a moth. 
Acara morosella, Wlk., is worth mention, though a hill species, on 
account of its size, the wings having an expanse of 2 to 33 inches. 

Galleria mellonella, Linn., feeds also in bee-hives; the larva burrows 
in the wax and produces long tunnels of silk in which it lives; it utilises 
this silk also for firmly fixing the combs and produces great quantities 
in a very short time; the moth is larger than that of Achroia grisella, the 


inner area of the forewings in repose forming a flat triangle from which 
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i oe, ela ean i 
the wings slope on each side ; this Inner area 1s ochreous, the ee y 
ss . 
: s ical form 
irrorated with purplish and fuscous ; the larva is of eee: 
Ing in & ite silk. 
and dirty white colour, pupating in a tough cocoon of whit 


Fig. 333—WEBBING PRODUCED BY LARVX OF GALLERIA MELLONELLA. 


Stenachroia elongella, Hmpsn., is found abundantly on occasion, 
the larvee webbing up the ears of Sorghum (Andropogon sorghum) and 
Marua (Hleusine coracana) and destroying grain ; they also bore in the 
stems. The attacked ears become deep purple-black from the excrement 
entangled in the webbing and the decayed grains. The moth is dry-grass 


colour with long narrow wings and superficially like the cane-borers of 
the genus Chilo. 


Crambine. Grass moths. 


Moths of moderate or small size, with porrect labial palpi, and tri- 
angularly scaled maxillary palpi. The larve so far as known, live on or 
in the stems and roots of grasses. Crambus is the large genus embrac- 
ing many species. Crambus corticellus, Hmpsn., is a common brownish 
moth, found at light. None of the genus seem to have been reared in 
India, but they will probably be found to have the habits of what are 
called “Sod Web Worms ”’ in America, ' v.e., to live in the soil at the 
roots of grasses, much as Pol yocha saccharella does. 

Chilo simplex, Butl. (Plate XLVI, figs.-1, 4,15, 16), 


we is a widespread 
Species In India, abundant in cultivated cane, 


juar, bajra and maize, 
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The life-history has been fully described in the Agricultural Journal of 
India, Vol. I, p. 97, 1906, and III, p. 104, 1908. This species ranges 
over the whole of the plains from the extreme north to the extreme 
south; with it is Chilo auricilia, Ddgn., a species described from Behar, 
and found also in other localities in Bengal and Madras. The 
character of the male antenne, the metallic markings on the forewing 
and the white edges to the marginal black spots distinguish this 
species, whose life-history is apparently identical with that of C. 
simplex. The genus requires revision. 


One of the commonest moths of the plains is a small dry-grass 
coloured one, with silvery fascie and black streaks on the wing, which 
comes readily to light. This is Ancylolomia chrysographella, Zell., 
whose larva lives in rolled rice and grass leaves. The larva of A. 
locupletella, Koll., is said to bore in the stems of Spinifex squarrosa. 


Schenobiine.—A small sub-family in which the proboscis is minute 
or absent, the palpi usually porrect. The larve bore in the stems of 
grasses. Scirpophaga auriflua, Zell. (Plate XLVII, figs? 2,5, 10-142 

17), with its variety intacta, Snell., and 

i S. monostigma, Zell., are borers in munj 

par grass (Saccharum ciliare), which also 

attack cultivated sugarcane. The eggs 
are laid in clusters covered by the hair 
from the anal tuft of the moth. The 
larval habits are peculiar, the cater- 
pillar always tunnelling down through 
the apical bud and when full fed, 
making cross partitions across the 
tunnel before pupation. The life-his- 
tory 1s described in Indian Insect 
Pests (p. 130), and Agric. Journ., 
India, III, No.2. The different species 
are readily distinguished. S. auriflua 
is white with a buff anal tuft in the 
female ; its variety intacta has the anal 
tuft red outside; S. monostigma has a 


Fig. 339—SCHHNOBIUS BIPUNC- 
TIFER EGG MASS, x 3, : 
single black spot on each forewing. 
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Schanobius bipunctifer, Wik., is a moth of similar appearance, but 
the female of a dull ochreous yellow colour with a single black spot on 
each forewing, the male brownish ochreous and smaller. It is a very 
common insect in the plains and comes readily to light. The eggs are 
also laid in hair-covered masses. The white larva has been reared from 
the stems of rice in Bengal and Madras. Probably it breeds also in other 
grasses as it is often abundant. A full account is being published 


elsewhere. 


Cirrhochrista brizoalis, Wlk., was reared from small greyish cater- 
pillars fqund under the bark of a forest tree ; the full-grown larve pupat- 
ed between two pieces of bark bound together with silk. The moth is 
white with a fulvous (red-brown) edge to the forewing. 


Anerastiine.—A small sub-family, distinguished by the venation ; the 
larvee feed on grass roots below the surface of the soil or bore in grass 
stems. Anerastia ablutella, Zell. (Plate XLVI, figs. 8, 11), was reared 
from sugarcane by Mr. Mackenzie in Behar ; the larva is light green and 
is active only for a short time in the year, hibernating from May to 
February (See Agric. Journ. India, ITI, No. 2). 


Polyocha saccharella, Ddgn. (Plate XLVII, figs. 7, 12, 19), was also 
described from specimens reared by Mr. Mackenzie from cane. The 
larva is white and bores in the cane below ground (Agric. Journ., India, 
ITT, No. 2). Polyocha cinerella, Hmpsn., was reared from larvee boring 
in the fleshy tissues of Sij. (Euphorbia nervifolia.) 


Phycitine.—The proboscis well developed, the moths commonly 
with narrow wings, rolled tightly round the body when at rest. With 
some of the last sub-family these constitute the so-called ‘‘ Knot horns Es 


the male antenne being often dilated near the base. The larve are 
often borers in plants. 


ee Ephestia is familiar throughout the world, the larve of some being 
in] urlous a stored flour and the like. cahiritella, Zell., and E. cautella, 
WIk., feed in rice and in wheat flour in India, the larvee producing abun- 
form galleries of webbing in and on their food. 
cae orious Mediterranean flour moth, E. kuhniella, 
which is so destructive in America. The larva of E. cautella, Wik... is 
recorded by Zehntner ag feeding on a scale insect (led anni in 
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PLATE XLVII.—Cayg Pyranips. 
Vig. 1. Eggs of Chilo simplex. ng aes 
3 2. Eggsof Scirpophaga auriflua, . 
» 3 Scirpophaga monostigma, ; — 
ee os Chiu simplex, a ee % 
Pye iy Scirpophaga auriflua. b 
6. Nonagria uniformis. : 
ae mS ; co e ** 
aon Polyocha saccharella, . - > 
» o Anerastia ablutella, 
» 9 Nonagria uniformis. - 
» 10. Scirpophaga auriflua, var. intacta. . 
» ll. Larva of Anerastia ablutella. ae 
5, a abe: a Polyocha saccharella, ? 
“Hs de palate Nonagria uniformis. 
» 14, r Scirpophaga, auriflua, - 
» 15, sm Chilo simplex. «~** +* of at 
eT) 1G. Pupa of Chilo simplex. = : - e } 
» 17, r Scirpophaga auriflua. — aS: 
» 18, r Nonagria uniformis, ~~ 
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Java (this may prove to be a distinct species). We have reared it 
also from tamarind seeds and it probably has a great variety of foods. 


Fig, 340—EPHESTIA CAHIRITELLA. 


The custard apple (Anona squamosa) fruit is tunnelled by the larva of 
Heterographis bengalella, Rag., and where this fruit is grown, the moth 
can be readily reared. This pest was described from Calcutta speci- 
mens (Ind. Mus. Notes, III, p. 107). 


The life-histories of three species of Huzophera are known in India. 
E. perticella, Rag. (Plate XLVIII), is a widespread pest of the cultivated 


Fig, 341—EUZOPHERA CFDRELLA 2. 
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brinjal (Solanum melongena) in the plains throughout India, the most 
destructive of the pests of this crop. The distinct dentate black line on 
the forewing enables this species to be recognised. &. puniccella, Mo., 
is described as boring in the fruits of the pomegranate in Baluchistan 
(Ind. Mus. Notes, II, p. 28). It does not seem to be known from further 
East. . cedrella, Hmpsn., has been reared from the cones of deodar 
(Cedrus libani) in Kulu (Hampson, J. Bo. N. Hist. Soc., XV, 24). 

Microthrix inconspicuella, Rag., was reared from cane by Mr. Mac- 
kenzie, but is rare and is not commonly found. Nephopteryx is a large 
genus, whose larve usually feed on leaves; N. eugraphella, Rag., feeds 
on the Bukal tree (Mimusops eleng’). N. semirubella, Scop., has been 
reared from maize leaf and is stated to feed on other plants. The moth 
has the costal half of the wing whitish, a colouring which occurs in a num- 
ber of Pyralids. N. paurosema, Meyr., has been reared from larve bor-_ 
ing in the pods of Chakaur (Cassia tora) and appears to be common in 
the plains. #picrocis contains two species extremely common in long 
grass in the plains in October, both small brown moths, with pink 
suffusion. HE. egnusalis, Wik., has the hindwing ochreous, £. lateritialis, 
WIk., has it fuscous and has a whitish fascia along the costa. Hypsipyla 
(Magiria) robusta, Mo., is the species whose caterpillar bores the shoots 
of Toon (Cedrela toona) in the Punjab; the damage is extremely 
characteristic, each shoot dying back from the tip and the pest isa 
serious obstacle to the growth of this Shade tree in some places. An 
account with figures will be found in Indian Museum Notes, Vol. I, p. 35: 
a fuller one in Vol. V, p- 104. It also bores in Mahogany and is 
recorded as destroying young plants (loc. cit. T, p. 66). 


Another pest is the cotton bud moth, Phycita infusella, Meyr., widely 
spread over India and fully described in Indian Insect Pests ‘(page 99). 
P. chentella, Zell., is the common and widespread leaf roller of the brinjal 
plant and of wild Solanum. P. dentilinella, Hmpsn., was reared from 
larvee feeding on cocoons of ( ‘ricula trifenestrata brought from Com- 
milla and the larve fed freely on the dried moths They appear to 
be feeders on dry chitin, ete. This genus is a Jarge and important one 
the males with a great variety of modifications of palpi and antenne, x 
is also the case in Nephopteryz. Careful collecting and breeding will 


orobably show ¢ 
i : via there are many widespread and common plains 
pecies breeding in wild plants. 
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Etiella is represented by E. zinckenella, Treitschke. It is a common 
pest of cold weather pulses, and of sann hemp (Crotalaria), the bright, 
red or green larva feeding in the pods; the little moth is grey, the costa 
white-edged, the forewing with a transverse ridge of raised scales near 
the base. It is often extremely abundant and does a considerable amount 
of damage to many varieties of pulse. 

Epipaschiine.—A small sub-family including seven genera of mothg 
approximating in appearance to the Bombycine type. The larve live in 
colonies and form social cocoons. No species appear to be common in 


the plains. 


Chrysaugine.—A neotropical sub-family with two genera recorded 
in India, not found in the plains. 


Endotrichine.—Slender moths, forming nine Indian genera, distin- 
guished by the venation, not occurring in tropical India. 


Pyraline.—A sub-family of thirty genera, recorded almost wholly 
from hill localities. The character of the venation serves to distinguish 
the group, while the structure of the palpi, maxillary palpi and wings 
must be compared for the identification of genera. Pyralis includes the 
pretty moth, Pyralis farinalis, Linn., found commonly on walls of houses, 
whose larva feeds in oatmeal, potatoes and similar vegetable substances 
and is a cosmopolitan household pest. Hypsopygia mauritialis, Boisd., 
was reared from a caterpillar found at the roots of a Sissu tree (Dalbergia 
sissu, Plate XLII, figs. 5, 6). It has since been found to live as a larva 
in the nests of Polistes hebreeus, feeding on the wax and destroying the 


larve and pupe. 


Hydrocampine.—Slender moths, with long legs; many species are 
common in the plains, and over thirty genera are recorded. Many more 
remain to be described. The larve of some are aquatic, living actually 
in water and breathing by means of gills or at the surface and breathing 


air directly. 


Nymphula is universally distributed and common in India. The 
known larvee are aquatic, the body having tubular gills, with tracheal 
tubes in them, air being apparently obtained by transpiration through 
the thin gill-walls, and spiracles, though present, being closed and func- 
tionless. N. depunctahs, Guen. (Plate XLIX), is a common species, 


PLATE XLIX.—Nymenvta Depuncrazts. 
Fig. 


Full-grown larva. 
Pupa, removed from the cocoon. 

», in cocoon, but with the silk cut to show the pupa inside. 
Moth, in resting attitude. 


Rice plants, showing damage and the larve feeding. 
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Syngamia includes three small yellow-red moths common in the 
plains. 9S. abruptalis, Wlk., has been reared from leaf-rolling caterpillars 
on tulsi (Ocimum sanctum). Bocchoris includes several species of wide 
distribution. The fact that some number of these fragile moths should 
be common to such wide areas, including the tropics of both hemispheres, 
is striking, and one may wonder how they spread so widely. Caprinia 
conchylalis, Guen., is a larger moth, pure white with the forewing edged 
with a costal brown band, the male with a black anal tuft. The whole 
appearance is much like Glyphodes perspectalis, Wlk., which 1s slightly 
smaller. The larva in Ceylon feeds upon the leaf of Kicksia (Green), and 
on Holarrhena antidysenterica (Grote). 


Filodes fulvidorsalis, Hubn., is a brightly coloured insect with dull 
brown wings variegated with orange. The antenne are long, the abdomen 
long with lateral tufts. The larva is olive green, with black spots and 
white bands, feeding upon Thunbergia. Nevrina procopia, Cram., is a 
striking moth, the base of the wings orange, the outer half dull purple 
with white veins. Dichocrocis punctiferalis, Guen. (Plate L), is a bright- 
yellow black-speckled moth, whose larva destroys the stems and seeds of 
the castor plant, boring in them. It is common throughout the year 
and may be so abundant as to cause much damage. It also feeds on 
kaikar (Garuga pinnata) fruits in Poona, on Cacao in Ceylon (Green), 
and in mango flowers in Nagpur. 


Nacoleia diemenalis, Guen., has been reared in Pusa from leaf-rolling 
caterpillars on Urid (Phaseolus mungo). N. vulgalis, Guen., 1s very com- 
mon on pulses during the rains, the larva rolling the leaves and being 
destructive to young plants. Its foodplants include Lucerne, soy bean 
and Phaseolus radiatus. Botyodes asialis, Guen., is a larger orange moth, 
with some clouded markings, and the male with a black anal tuft, whose 
larva is found on the leaves of Ficus. The larva is olive green with black 
spots. Sylepta is a large genus of many species, the larvee being leaf-roll- 
ers and feeding upon wild and cultivated plants. 8S. derogata, F. (multi- 
linealis, Guen.), is the most common, the green larva rolling the leaves 
of cotton, bhindi, hollyhock and other malvaceous plants. This has a 
wide distribution and is a pest in Africa as well as India. (See Mem. 
Agric. Dept., Vol. Il, No. 6.) S&. lunalis, Guen.,feeds on the leaf of the 
grape vine; the moth is a dull fuscous with faint darker markings. 
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Lygropia includes several orange moths with dull markings common 
throughout India. LZ. quaternalis, Zell., has been reared from bariar 
(Sida rhombifolia). Agathodes ostentalis, Hubn., 1s a pretty pale green- 
ish moth with a pink fascia on the forewing, whose sae has been found 
feeding on the Pangra tree (Hrythrina indica) in Calcutta. (Indian 
Mus. Notes, Vol. V, p. 129.) 


Amongst the largest genera is Glyphodes, with a considerable num- 
ber of species found in the plains. The larve are leaf-rollers, living in 
twisted leaves and feeding on neighbouring portions outside. They are 
commonly light green or the semi-transparent greenish colour of so many 
leaf-rolling pyralid caterpillars. Any of the following thirteen species 
are likely to be found and their identification is possible only by careful 
comparison with accurate descriptions. G. vertumnalis, Guen., G. glau- 
culalis, Guen., G. psittacalis, Hubn., and@. pomonalis, Guen., are green ; 
the first is common on the leaves of the white flowering, Taberneemontana 
coronaria in gardens (Plate RAVI igi oats unionalis, Hubn., is 
white with a brown costal fascia and feeds on the flowers of Jasminum 
sambac ; G. laticostalis, Guen., is similar, the costal fascia cupreous, the 
male antenne dilated and twisted at the base; G. nigropunctalis, Bren., 
is white with a broader brown costal fascia and some black spots on the 
forewing. G. indica, Saund., is very widely spread, the forewing white 
and black, the male with a conspicuous tuft of long scales. The larva 
is Common on Cucurbitaceous plants. G. bicolor, Swains., is black-brown, 
conspicuously marked with white, as also is G. bivitralis, Guen., in which 
the ground colour of the forewing is chestnut, the marks in the form of 
two semihyaline white blotches. G. negatalis, Wlk., is white and fuscous, 
the base of the male antenna dilated and tufted : de Nicéville figures the 
moth in Indian Museum Notes (Vol. V, pl. XV), and he records rearing 
it from Us ipal (Ficus rel igrosa) and on the fruits of chalta (Dillenia indica). 
G. celsalis, WIk., and @. pyloalis, Wik., are white, brown and fulvous. 
Spies et, Ga arva rolling the leaves after the usual manner, 

: n., has been reared from a larva found feeding 
Pel the flowers of the same plant. Leucinodes orbonalis, Guen., a small 
white FOP with dull ferruginous and black markings, is common through- 
out the plains, its caterpillar being the borer of the fruit of the wild and 
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PLATE L.—DitcuHocrocis Punctireratis. 


Castor Seep CATERPILLAR. 


Stalk and capsule of Castor (Ricinus communis) showing 
frass of larva. 

Shoot, with webbing and frass of larya, also two moths in 
normal resting attitudes. 

Larva. 

Pupa in castor seed broken open. 


5, In cocoon. 
Moth. 
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cultivated brinjal or egg plant (Solanwm melongena). The larva is pink, 
smooth and almost hairless as are most boring larve. 


The male of Crocidolomia binotalis, Zell., has a tuft of long hair on 
the forewing, and is ochreous with ferruginous markings. The caterpillar 
lives upon cruciferous plants, including cultivated cabbage and “halim ’ 
(Lepidium sativum) and appears abundantly in the hot weather in Apri] 
in gardens. It is green with median and lateral white stripes, a black 
prothoracic shield and three black dots on the side of each segment: 
Another small caterpillar that feeds on cabbage and cauliflower at the 
same time is Hellula undalis. Fabr., a small white-marked greyish moth 
which has a very wide distribution in the tropics. 


Tsocentris opheltesalis, WIk., has been reared from larvee found upon 
sunflower plants. The larva is green with a dorsal white stripe on each 


side of the median line and a crescent shaped black spot on the mesono- 
tum on each side. Maruca 


testulalis, Gey., 1s arather 
larger moth  fuscous, 
brown with a semi-trans- 
parent band in the fore- 
wing and a large part of 
the hindwing semi-trans- 
parent. Its larva feeds 
upon pulse, entering the 
pod at one end and go- 
ing completely through; 


it is the usual smooth 
Fig. 342.—_MARUCA TESTULALIS. [I. M. N.] larva greenish-yellow in 
colour, with small spots 

on each segment. It occurs abundantly in the rains on pulses and is 
widespread in India. Nomophila noctuella, Schiff., is likely to confuse those 
who attempt to place moths on their general appearance alone since it 
has the appearance of a Noctwid. Hampson remarks: ‘‘ Universally distri- 
buted.’’? Pachyzancla licarsicalis, Wik., and P. pheopteralis, Guen., are 
fuscous moths in which the mid-femora of the male are dilated and 
clothed with scales ; both are common and widespread, the latter having 
been reared from green larvee which roll the leaves of A nisomeles ovata. 


P. agrotalis, Wik., 18a small brownish orange moth, whose green cater- 
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pillar webs up the leaves of croton, Alternanthera and Schizandra in 
the rains and feeds there. Phlyctanodes nudalrs, mete: a small straw- 
coloured moth which has been reared from fenugreek (Z7'rigonella feenum- 
gracum) and croton, but does not appear to be common. Diasemia 
ramburialis, Dup., is black with ochreous markings and white spots 
found abundantly in the plains, and also according to Hampson, univer- 


sally distributed. 


Antigastra catalaunalis, Dup. (Plate LI), is a common and abundant 
pest to til (Sesamum indicum) ; the larva is light-green, with many black 
spots bearing hairs ; it rolls the leaf of the til plant or bores into the seed 
pods. The larva readily lets itself down with a thread and eventually 
descends to the soil to pupate. The moth is ochreous with reddish veins 
and is easy to recognise. While commonly occurring only in the rains, 
it breeds throughout the year if its foodplant is available. The cater- 
pillar of Noorda blitealis, Wlk., is found on the horse-radish tree 
(Moringa pterygosperma); the moth lays a white egg on the edge of 
the leaf, from which comes a white larva which later turns green ; the 
larva folds the leaf over or joins two together and feeds on the epidermis. 
The pupa is in a fine silken cocoon. This species is found breeding 
during the rains and is widespread in India. Metasia convotalis, Hmpsn., 


has been reared from larvie feeding in the tubers of sweet potato in 
Pusa (Plate LII, figs. 1-4). 


Pionea ferrugalis, Hubn., is a small yellow moth widespread over 
Europe, Africa, Asia, whose larva in India feeds 
ronda (Blumea balsamifera) 
ther and is likely 
that time. 


on cabbage and kaka- 
- It is found as a larva during the cold wea- 
to be a “cold weather species,’’ only breeding at 


Pyrausta is a large genus of mostly hill forms. The life-history of 
P. macheralis, Wik., is described and figured by R. S. Hole inthe Journal 
of the Bombay Natural History Society, Vol. XV, p. 679: it feeds on teak. 
P. coclesalis, Wik., is a brown moth, common on the villains whose larva 
feeds pe bamboo and is occasionally found upon maize. The larva of 
P. salentialis, Snell, feeds "pon a species of Polygonum. boring the stem 


eae ee : 
d pupating there ; it is an unusual habit for one of this genus. Hiber- 
nation as a larva occurs in the stem 
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Tit Lear Rotter. 


1. Shoot of Til (Sesamum indicum) volled by the larva. 
2. Another shoot, showing the larva, as it lets itself down: 
by the threac. 
3. Larva magnified. 
4. Pupa “1 
5, » In its cocoon, 
6. Moth. Natural size. “ot 
+. Moth magnified. 
& Eggs on leaf. 
& », Magnified, 
10. Newly hatched larva feeding on the epidermis prior to web- 
bing: the shoot. 
ay 
a 
i # 
iH. 


he 
1 


HOW INSECTS PROTECT THEMSELVES. 521 


Collecting —P yralids abound everywhere, but it is not always one can 
get good unrubbed specimens. All that can be reared should be and the 
best specimens are thus obtained. Setting is troublesome and it is best 
to keep all in papers till time allows of a whole batch being done at once. 
Larvee may be blown or kept in formalin. They are found by patient 
seeking on plants, wherever rolled leaves are seen among decaying vege- 
tation and leaves at the roots of grasses in grass stems. A great fauna 
of Pyralids centres round grassy plants and few of such have been reared 
or studied. The wilder grasslands of India must abound in such forms 
and will prove a paradise to the collector of these moths. 


HOW INSECTS PROTECT THEMSELVES. 


A large part of the insect world is engaged in preying upon other 
insects, and while we do not know how far every insect has enemies 
directly attacking it in this manner, it is at least certain that a very 
large proportion are the food of either ordinary predators, stinging 
predators, insectivorous birds, lizards, frogs and the like orare the hosts 
of parasites. The insect organization reveals a variety of devices believed 
to be directed to securing a measure of immunity against these enemies, 
and it is possible to mention the more obvious ways in which 
immunity is aimed at; we cannot justly say that it is in all cases proved 
that these devices do secure immunity or do actually increase the 
measure of safety under which each insect lives: but the prevailing 
conclusions drawn from a mass of observations by the general body of 
observers is that these devices have little or no other meaning, and can 
be rationally explained in full only on the assumption that they are 
of value to the insect in this connection. Speaking broadly, the 
insect adopts one of four general methods : (1) to be distasteful ; (2) to 
look distasteful ; (3) to escape observation ; (4) to frighten enemies. 


Many insects are known to be distasteful to birds and insect-eating 
animals, on whom we can experiment; we associate this distastefulness 
with scents in many cases, scents produced by the excretion, at the 
will of the insect, of the aromatic oils. Most of our Pentatomide 
are excellent examples; they have special orifices on the ventral 
surface whence issues a liquid which volatilises with the production 
of a usually very marked scent; it is only necessary to bring 
this scent within perceptive reach of birds and some animals to see 
unmistakable signs of aversion. The scents are often disagreeable to 
ourselves, but far less so than they are to animals. Such scents are found 
in Pentatomide, Coreida, Lygaide, Pyrrhocoride, some Reduvude and 
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Cimicide in a strong degree ; Myrmeleo, Ascalaphus, mL rm 
some other Hemerobiide exhibit the same phenomenon ; ang f hr ~ 
of beetles, notably perhaps the Carabide, some Cerambycida and some 
Cicindelida can be added. 

We cannot clearly separate the production of scent from the produc- 
tion of oil or fluid, having not only a scent but either a bad taste or some 
caustic property. Many Coccinellide excrete such oils as notably do 
the Cantharide ; Blaps and other large 7 enebrionida, Aularches and 
Pacilocera among Acridiida, are also conspicuous examples, and it 1s 
reasonable to conclude that the effect of this secretion of fluid Is quick 
in effect, the bird or beetle seizing such an insect promptly getting the 
taste or caustic result of the oil and dropping its prey at once. In the 
case of Aularches and of several of the Chalcosiine division of Zygzenids, 
e.g. (Campylotes), the fluid is not only secreted but bubbles out at the 
orifice, forming a mass of bubbles similar to that produced by Cercopide ; 
the curiously sudden way in which this happens is very striking, not to 
say alarming. A number of insects which do not produce scent or oil 
are apparently distasteful on account of the presence in their tissues 
of distasteful substances, either due to the secretion of some constituent 

for this purpose or due to the food they take in; the Danaides are ex- 
amples of such insects as are also the Coccinellides and Cantharides. In 
the majority of these cases we find that with distastefulness is combined 
a system of warning colouration which advertises the fact. or which is - 
sufficiently vivid to be associated with the distastefulness in the mind of 
the predator. That is, most distasteful insects are ‘ warningly colour- 
ed,’’ so as to secure the maximum protection from their distastefulness 
by plainly indicating that they are distasteful. We are not here dis- 
cussing colouration, but we shall have need to refer to this fact again. 
The number of groups in which warning colouring occurs is very large. 


A rather doubtful device is the extremely hard and thick integument 
of some Insects, beetles especially, often combined with horns, spines or 
other projections calculated to be troublesome to the consumer. It is 
difficult to find any other value in the intensely thick hard portions of 
the integument of some beetles, as also in the hard knobs and spines of 
many Pentatomide, for instance, and we may conjecture that the posses- 
sion of such an integument does turn the scale in favour of the possessor 
and against some unarmed insect equally available at the moment. 


Another device is to be found in the hairiness of so many caterpillars ; 


ashe ae ground to believe that a hairy caterpillar is not as palatable 
> & itd, tor instance, as is a smooth hairless one, and when we consider 
how indigestible chitin is and how much room the- hairs tak 

Imagine why. This device is carrie malts Take up, we can 
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Finally, under our  first.. category, we may include the very 
simple device of the insect which covers itself with its excrement or which 
carries with it a pile of its cast skins or the cast skins ofits prey, or which 
encases itself in inedible and unpleasant material. The larve of some 
Chrysomelide are notorious for carrying their excrement ; many Cassi- 
dides do this, having a special process to carry it on, and having the open- 
ing of the alimentary canal placed so far dorsally that the excrement can 
be retained ; the larva of Podontia does this, as dosome Criocerides. The 
larva of the predaceous Chrysopa goes about carrying a pile of the sucked 
out skins of its victims (see fig. 76, page 154), while some Lepidopterous 
larvee wear their old cast skins (e.g., Reselia fola which carries the cast 
head-cases) (fig. 301, page 436). It is probable that the case of the 
Psychid larva made of dry twigs or leaves is mainly protective in the sense 
that the bird does not care for the caterpillar with its outer case of dry 
material and so leaves it alone. The same is probably true of Caddis 
larve (Trichoptera) which live in cases of small stones, shells and other 
indigestible materials. | 


A number of species try to look distasteful; they may do this in 
two ways, by looking like some unpleasant object, by looking like some 
insect that is of itself unpleasant. Of the first, the most conspicuous 
are perhaps those insects which look like the droppings of birds; a good 
example is the young larva of Papilio demolius ; this starts life as an 
ordinary butterfly caterpillar of a dull brown colour; it soon becomes 
white over a large part of its body (fig. 292, page 422), and when not 
feeding, rests motionless on a leaf in the full view of all birds that pass; 
instead of hiding among the leaves, it conspicuously shows itself; to us 
it is a very good imitation ; perhaps it is to a flying bird also. Another 
conspicuous example is the genus Tarache ; the moth of 7’. notabilis is 
white with dull black markings; instead of seeking shelter by day as 
most Noctuids do, it sits motionless on the top leaf of its foodplant , the 
wings closely applied to its body; it has the shape and appearance of 
a bird’s excreta, and we believe it is sufficiently successful to escape its 
foe in that way. All the species of Tarache behave like this. 


We have referred above to the warning colouration of insects that 
are distasteful ; but a very large class of insects that really are not 
distasteful adopt this colouring and pretend to be; an example is figured 
in the family Zygenidw. This mimicry of distasteful species may take 
two forms; an insect will be found to very closely imitate another found 
in the same locality ; or a whole number of insects in one place will be 
found to have a general scheme of warning colouring (e.g., black and 
yellow) part of them being really distasteful, part being mimics; the 
birds may, if the former are sufficiently numerous, associate this colour- 
ing with unpleasant insects and so leave all alone; one would imagine 
that the ‘frauds’ must add to the slaughter also of the genuinely distaste- 
ful ones, as if for instance, there were equal numbers of both, birds might 
go on trying for a long time and never be quite certain what they were | 
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eoing to get. This subject 1s dealt with in two notable papers (Trans. 
Ent. Soc., London, 1902, p. 287, and Proc. Zool. Soc., London, 1902, HI, 
), 230), and with a vast wealth of confusing nomenclature in Beddard’s 
‘Colour of Animals.’’? The sincere student with a profound faith in 
human nature may be cautioned against accepting any conclusions or 
facts not based on observation of insects in their natural conditions ; 
the search for explanations of insect colouring has almost rendered the 
whole subject ridiculous since conclusions have _been drawn from 
Museum specimens, which have no relation to the lives of insects ; but 
it does not require much field observation to convince the student that 
mimicry of this kind is a real feature of insect life. 


In our second division we have included such insects as make 
special efforts to conceal themselves. Possibly this applies to every insect, 
except such as are protected by devices coming under other heads. A 
great number of caterpillars, forinstance, feed at night only ; so do most 
moths ; Perhde Ephemeride and some other Neuroptera appear only at 
night, when most birds are asleep and their chance of escaping is greater. 
These and other insects must also protect themselves during the day: 
a green caterpillar sitting motionless among green leaves does probably 
escape the observation of predatory birds, wasps, etc., more often than 
one not so coloured ; the combination of such colouring with the habit 
of resting motionless by day is very common indeed, and when one 
realizes how constantly birds, wasps and stinging predators are search- 
ing for caterpillars, one can believe that the colouring and attitude are 
essential to the continuance of that species. We need not dilate upon 
this ; any observer of nature can see it for himself ; moths are extremely 
often found sitting motionless on bark, coloured like bark and really 
quite indistinguishable ; a great variety of insects are of this colour ; 
more are leaf-like or are sufficiently green to be invisible among green 
leaves ; the erass mantid is a splendid example of an insect that is 
Invisible in grass ; throughout the pages of this book we note examples, 
and they are not more fully illustrated for the simple reason that in a 
truthful illustration the Insect would not be seen, and if the illustration 
accents the insect enough for it to be seen, 1t is not truthful. 


_ Finally there are insects that are Supposed to escape by startling or 
Irightening their enemies; we deal with this subject very cautiously 
because what startles us nay not really startle a bird or a toad or a preda- 
ceous beetle at all ; In this subject again, conclusions have been freely 
drawn from Insufficient data. The resemblance to a snake or to some 
ne pega creature is one that is often quoted, for instance, in 
ined lave the apex ofthe wing ofthe aig moth aid tla 
pisces aren ie Nats larva of Papilio demoleus is said to be 
like nothing else aa is St : 1 RB Stauropus alternus, looks 
caterpillar in the Hirdals tea e irighten its foes ; the large sphingid 
wards, at the same tim ; ee ich waggles its head backwards and for- 

: wome ume hissing, may frighten birds off: the caterpillars 
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that suddenly extrude yellow or red processes, or which draw themselves 
up and display eye-markings or bands of colour; these are all instances 
of possible efforts at escape by startling or frightening an enemy. They 
are striking to see and, if we could see them in proper proportion might 
be very effective to us; if a six-foot caterpillar suddenly hissed and two 
six-inch eye-spots glared at me I might be frightened. We cannot 
estimate these things properly because it is not known against what enemy 
they are aimed. It is probable that some are effective, that some were 
once effective or are becoming so and that we misinterpret many. 


The following summary of the more important devices used by 
insects may be of assistance to the student :— 


1. Hard integument. 

2. Hairs and hairiness. — 

3. Stinging hairs. 

4. Secretion of distasteful substances. (With warning colouring.) 
5. Use of excrement. 

6. Use of cast skins. 


Protective and cryptic colouring form and attitude. Sham- 
ming dead. 


8” Batesian mimicry. (Mimicry of a warningly coloured distasteful 
insect.) 


9. Mullerian Mimicry. (Adoption ofa general scheme of warning 
colouring by edible as well as inedible insects. ) 


10. Misleading and deceptive colouring. 
11. Terrifying devices, sounds, etc. 
12. Resemblance to unpleasant substances. 


In the above pages we have tried to indicate what is known, but we 
have no wish to give the impression that much is known ; every obser- 
vation bearing on this subject is worth recording ; every record of one 
insect actually found preying on another is valuable, provided both insects 
are identified at least to genus and if possible to species ; impressions 
gained from general observation are by no means so good as actual 
deductions from a mass of definite facts and it is to be hoped that this 
subject will meet with the attention it deserves in this country. 


We may close this subject by remarking that every student should 
bear it in mind when in the field; the observation of living insects in the 
field is the least prosecuted branch of enquiry and it is well to keep an 
open mind on the subject ; an insect mimicking a distasteful insect may 
not now have the same distribution asits model, and this is, of course, a 
source of confusion unless one knows this; there are many other 
misleading factors, but it is a sound practice to look at every insect with 
this problem in view, not straining it, not blinding oneself to facts, 
but honestly endeavouring to penetrate to the truth. 
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ORNEODIDA. (ALUCITIDA). 


The forewing divided into six distinct plumes. 


Less than ten species are recorded from India, wholly from the hills. 
A larger number is known from Ceylon ; the genus Orneodes includes our 
species, none of which will be found in the plains. The student will find 
descriptions in Meyrick’s papers in the Bombay Journal and elsewhere 
(Trans. Ent. Soc., London, 1907, p. 507). 


PTEROPHORIDA. 


Small slender moths, in which the forewings are narrow and divided 
into two, three or four narrow lobes, the hindwings 
of one, two or three lobes. . 


These moths are clearly recognisable from their form and the 
structure of the wings. Their appearance is extremely graceful, as they 
rest on leaves with the wings and legs extended and fly somewhat slowly. 
Their colours are light, dull ochre and brown on a lighter ¢ ound 
colour as a rule. The body is slender, the abdomen ovate and long ; 
the long narrow wings are fringed with scales which in‘some species are 
in part capitate and rather large. The tiny legs are conspicuously spur- 
red and in some species the hindlegs are held out over the body and very 
noticeable. | 


Of the few known Indian species several are known in the larval 
stage. The eggs are oval, not flattened, and smooth, laid singly on the 
foodplant (Plate LITI ); the larves are slender, oval, the body set with 
spines and with capitate hairs which radiate from tubercular points ; 
they feed openly, as a rule, and are cryptically coloured to resemble the 
foodplant. Their perfectly oval form, the indistinctness of their seg- 
Sneed, their clothing of hairs and spines, these characters render 
on recognisable sifa pupa 1s also found, there can be no doubt as to 
the recognition of the family since the pupa closely resembles the larva, 
ae almost the Same shape, the same colour, ak the same covering 
Sentosa ig oo fon dt 
by a cremaster, and in ae sie se PHPS Pee cae Shee 

. ; cases by a few threads of silk under the 
abdomen in which the hairs are entangled. Indian Pterophorids are but 
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incompletely known, and Meyrick has recently described a number of 
species. (See Journ. of Bombay Nat. Hist. Soc. and Trans. Ent. Soc., 
London, 1907, p. 472.) Atleast two are injurious to agriculture and occur 
widely in India ; others are known from different foodplants or have 
simply been captured. Over forty Indian species are described, 
largely from the Khasi Hills and South India ; some are widely spread, 


e.g., Trichoptilus congrualis, Wik., found generally over the tropics. 


Exelastis atomosa, Wals. (Plate LIII), is one common species in the 
plains, a delicate dry-grass-coloured insect with an expanse of 20 m.m. 
The eggs are laid singly on the flower buds, young pods and more rarely 
the leaves of the foodplant, which is commonly the pigeon pea (Cajanus 
indicus). The egg is oval, not flattened and not reticulate, of a greenish 
colour. A single moth has been found to lay 94 eggs, these hatching in 
about 4 days in hot weather. The larva feeds by eating into the soft 
growing pod and then into the young seed ; it remains partly outside on 
the pod, stretching in to get the seed and not wholly entering the pod. 
Having eaten one seed it makes a fresh hole opposite another. The larva 
is green or brown, or a mixture of both and closely resembles the colour- 
ing ‘of the pod. The body is clothed with a dense pubescence of short 
spines and longer capitate hairs radiating from tubercular points. The 
median dorsal line is longitudinally indented with a slight ridge on each 
side. The larval life is from 2 to 4 weeks, depending on the temperature : 
before pupation the larva spins a little pad of silk and also alight network ; 
the apex of the abdomen bears hooks that are fixed in the pod, the hairs 
of the pupa being entangled in the network ; the pupa is thus fixed to 
the pod in an exposed position ; it is soft, green or brown in colour with a 
close resemblance to the larva and with limbs and wings which are not 
fixed to the body, but are held in a straight line along the ventral surface. 
The anterior half of the pupa can be raised when the insect is disturbed. 
The moth hangs from the plant by the anterior legs, the hindlegs held 
out over the body, the wings expanded but the hindwing so concealed 
under the forewing that it is not seen. The duration of life in this stage 
is apparently considerable, as moths live for over 10 days without food 
in confinement, and since the moth apparently lives over the time that 
foodplants are not available, waiting till she can lay eggs. This species 


is common throughout the plains and causes a considerable amount of, 


¢ 


528 LEPIDOPTERA. 


S snd 


destruction to pigeon pea in the cold weather. It is not recorded as 
breeding in the hot weather and rains, and probably lives over as a 
moth. 

Sphenarches caffer, Zell., has a similar life-history and its larva occurs 
sparingly on the pigeon pea with it. It also breeds on the leaves of 


Cucurbitaceous plants during 


. ‘\ So 

the hot weather and rains, \ 

; ; ee ee eae 
and is thus found breeding bao prcoees 3 ea 

: WW) y Wy fff OK Mies eames MLD See IN 
practically throughout the Na) a ig 8 lige MAAR 
year. f iP 

Platyptilia brachymorpha, vA 

Meyr., is a moderately large 


brown moth. whose larva has 
been found eating into the | 

‘ Fig. 343—SPHENARCHES CAFFER, RESTING 
flower buds of Celsia coroman- aiaartetaatell 
deliana, a common wild plant 
in North India, growing during the cold weather. The larva is green 
with many brown scale-like hairs. Deuterocopus tengstremi, Zell., is a 
smaller ferruginous species, the forewing divided, the hindwing a 
simple capitate process, found sitting on plants. It occurs throughout 
the Kast. 


Diacrotricha callimeres, Meyr., is found sitting on the leaves of Aver- 
rhoa carambola, in great abundance at some seasons. The small greyish 
moth is very graceful, sitting with expanded wings and hindlegs held out 
over the body. The little green larva feeds on the leaf, letting itself 
down actively ona long thread of silk in a very curious manner; the 
pupa is fixed to the’leaf without any cocoon. Mr. Bainbrigge Fletcher 
has found the larva feeding in the flowers of Averrhoa bilimbi in Ceylon. 


SESIIDA. 


Clear wings —Hindrp; 
ngs. a indwing with vein & absent, vein 1c. present. Larva 
boring with 5 pairs of eee Pipe, Ge 


A f 1 7 ‘ : : 
ie Rak of small moths, most of which have clear wings and mimic 
nopte sah, 
Nee ae The wings are small, narrow and hyaline, the body 
"OW, the e f . 
antennse moderately long and slightly clubbed ; the legs are 


often tufted with long hairs ; the flight is rapid and the moths are found 
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PLATE LIIJ.—Exetastris Aromosa.- 


Tur Puume Morn. 


Eggs on pod of pigeon pea (Cajanus indicus). 

», magnified. 
Larva, magnified. 
Second and third abdominal segments of larva. . 
Pupa on pod of pigeon pea (Cajanus indicus): 
Moth, in normal resting position. 

we set, 
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flying in hot sunshine ; the resemblance to Hymenoptera is very marked, 
and in some cases it is known which species is mimicked. The wing 
expanse does not exceed two inches and is usually not more than one 
inch. Little is known of their life-histories, but so far as known, the 
larva is a borer in shoots of living plants, but has five pairs of prolegs : 
the pupa is in the shoot and is provided with hooks for moving in the 
galleries. 


Trochilium ommaticeforme, Mo., in Baluchistan was found in Peshin 
attacking poplar. (See I. M. N. III, p. 14.) Of the fifty odd recorded 
Indian species practically all are hill forms and it is unlikely that many 
species will ever be found to occur in the plains. 


Melittia chaleiformas, Fabr., is well distributed over India, a small 
brown insect with bands of yellow. The specimens captured in the plains 
are rarities and these insects form no part of the real plains fauna. 


TORTRICIDA. 


Middle spurs of hind tibie well developed, palpi obtuse. Hindwing with 
vein 8 free or connected to cell by a bar, vein Ic. present. 


Very little is yet known of this family in India and the student will 
recognise it only by the above characters. It is far less characteristic 
of the tropics than the next and has its greatest development in tem- 
perate regions. 


The moths are small and somewhat dull coloured, sometimes with a 
characteristic appearance due to the rather long forewing, the rather 
heavy scaling and the manner in which the wings are wrapped round the 
abdomen. The antenne are of moderate length, the eyes and ocelli 
well developed, the proboscis present, the labial palpi obtuse at the apex, 
the second joint roughly scaled. 


The life-histories of few Indian species have been thoroughly worked 
out in all stages. Meyrick (Handbook of Lepidoptera) gives the follow- 
ing summary for the family as a whole : “‘ Ovum flattened-oval, usually 
smooth, sometimes reticulate; larva rather elongate, with few hairs, 
with ten prolegs, living concealed in rolled or joined leaves or spun shoots, 
or in stems, or flowerheads or roots. Usually there are no markings ; 
hence the leaf feeding forms, being often very polyphagous, are hardly 

ILL 34 
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to be discriminated. The head is often black when young and _light- 
coloured later. Pupa with segments 8-11 free, in the male 12 also; 
protruded from the cocoon in emergence, usually in the situation where — 
the larva fed.” The protrusion of the pupa is worth note ; in other 
respects the larvee and pups are much like those of Tineids. The moths 


fly at dusk and are rarely seen. 

The known Indian species include two destructive insects, the tur- 
leaf Caterpillar (Hucelis critica, Meyr.,) and the Sann stem borer (Las- 
peyresia pseudonectis, Meyr.). More are likely to be found and the 
notorious codlin-moth of the apple (Carpocapsa pomonella 1.) is 
included in the family. But few Indian species have been described, 
these chiefly in the sub-family Epiblemine. The student will find 
descriptions in Meyrick’s papers in the Bombay Journal. We mention 
such plains species as are known to us, but many remain to be found. 


Of the Hpiblemine, over 30 Indian species are recorded, of the 
Tortricine 40, two in Ceracine and one in the Phaloniine. 


Epiblemine. Eucelis critica, Meyr., is a small dusky moth whose 
larva rolls the top leaves of pigeon pea (Cajanus indicus) in the rains. 
We figure the stages in Plate LV; an account is published in Indian 
Insect Pests, p. 143. 


Eucosma paragramma, Meyr., has been reared from caterpillars bor- 
ing in green bamboos ; so few insects attack growing bamboos that it is 
interesting to find a caterpillar boring into so hard an object as a thick 
green bamboo. The larva is brown, with 5 pairs of prolegs, and pupates 
in the tunnel in the bamboo. Laspeyresia jaculatrixz, Meyr., is a small 
dusky grey moth found sometimes in abundance flying in shady places. 
The larve are found in the bark of the sissu tree (Dalbergia sissu) and 
occur there abundantly, Pupation takes place in a fine silken cocoon. 
Apparently these larve are the hosts of a small Bombylhid fly, which has 
been reared from a batch of larvee in sissu bark: the food ae the larva 
1s not known but: it probably is the bark of the ec; 


The caterpillars Spend the winter in the bark of the tree and have a 
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know it, and we have in four successive years (1906-1909) seen crows 
collected round trees on which these caterpillars were walking and 
feeding on them. Apparently this proceeding is preliminary to 
pupating and is probably the search for a good sheltered nook in 
which pupation can be accomplished in such a way as to enable the 
moth to emerge. The moths emerge at various dates during May and 
June, and there are probably two broods, before the hibernation brood 
referred to above. The mothsare found flying about gregariously and 
this species is quite commonly captured where the sissu grows 


abundantly. 


L. tricentra, Meyr., is described from the Deccan, the larva tunnelling 
in the shoots of Sann hemp (Crotalaria juncea). L. pseudonectis, Meyr., 
has the same habit and was reared from Sann hemp at Surat, and in 
Behar. It is a common pest to this crop, and with the proceeding is 
probably widespread in India (Plate LIV). Of the remaining  sub- 
families there appear to be no records of hife-histories or any other 
information beyond descriptions and localities. One species must be 
mentioned, whose systematic position is not known. Cryptophlebia 
carpophaga, Wism., was described from moths reared on Cassia fistula 
pods in Bengal (I. M.N., IV, p. 105). We also found it commonly in 
Gujarat on the wood apple (Feronia elephantum); the larva (Plate 
XXVIII, figs. 11, 12) bores in the pulp, and when full fed prepares 
a silken cocoon covered in excrement in the fruit; after a week the moth 
emerges. The same species also attacks litchi fruits in Calcutta 


(I. M.N., V., 121). 


TINEIDZ. 


Palpi acute, middle spur of hind tibie developed, hindwing vein 8 free 
or connected to the cell by a bar, vein 1c. present. 


This large family includes small moths in which the wings are 
commonly narrow with a broad fringe of scales. They are superficially 
distinct in this character, but the above characters must be examined 
before the insect is definitely placed. They are as arule of dull colour, 
in accordance with their nocturnal habit, a section (including (demato- 
poda and Eretmocera), being very brightly coloured and diurnal. The 
antenne are a little longer than in the Tortricids, the labial palpi 
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pointed at the apex and commonly upturned. The legs are long and 
spurred, the wings variously held but not wrapped round the abdomen. 


Fig. 344—GELECHIA GOSSYPIELLA, LARVA, PUPA, COCOON, IMAGO. 

The life-history of aconsiderable number of Indian forms is known ; 
the egg is flattened, oval or round, often reticulate above ; eggs are So 
farasknown laidsingly. The larva is slender, usually with five pairs 
of prolegs, the body almost naked, and usually simply coloured, dirty 
white, orange, greenish or nearly black. The larval habits are extremely 
varied, some being seed-eaters, others living in spun leaves, boring in 
shoots, mining in leaves or in the bark of shoots; some are household 
pests in flour and dried food stuffs, some eat dried insects, wool, etc., a 
few eat lac, scale insects and mealy bugs, while probably many live in 
dried leaves, under bark and in other dead vegetable matter. Very 
little is known with regard to hibernation and the like. In the main, 
the larvee are found when vegetation is most abundant in the moist 
ee es hibernate as larve and pupe, but Leucoptera 
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Several are destructive to agriculture and it is known that these are 
extensively parasitised by Hymenoptera; whether there are other checks 
is doubtful. On account of these injurious species the family has an im- 
portance near to that of Noctuide and Pyralida, and deserves very care- 
ful study. The number of new species obtained by rearing shows that 
there is a large field for work and systematic collection at light would 
yield many. For descriptions of species the student must consult especi- 
ally Meyrick’s papers in the Journal of the Bombay Natural History 
Society, from 1904 onwards. Three papers of Stainton’s are valuable, 
in which he describes Indian species collected or reared by Atkinson. 
(Trans. Ent. Soc., London, n. s. II], p. 301 [1856]; loc. cit., n.s. V, p. 
111 [1858]; loc. cit., 3rd ser.; I, p. 291 [1862]. There is otherwise 
little with regard to life-histories on record and we have referred below 
to the common species reared in tropical India. 


Gelechine.—Fitty species are recorded from India, of which a few 
have been reared ; Stainton in 1856 described 9 species of this sub-family 
obtained in Calcutta by Atkinson. Depressaria ricini, St., was reared 
from a green larva with black head which rolled the edge of the leaf 
of Castor. D.zizyphi, St., fed on the ber tree ; D. ricinella, St., was reared 
from a green larva with black head and prothoracic shield, also found 
rolling the leaf of castor. 


Brachmia (Gelechia) hibisci, Stn., fed on Hibiscus. (See Trans. Ent. 
Soc., London, n.s. V, p. 111, for these and 14 other Tineid@). It has been 
reared on bhinda (Hibiscus esculentus) in Behar, the larva living under 
a web on the ventral surface of a leaf and feeding on the lower epidermis. 
It pupates in webbed leaves. Brachmia dilaticornis, Wals., is a brown 
moth, large for a Tineid, whose larva feeds on the leaves of gular (Ficus 
glomerata). The larva grows to a length of two-thirds of an inch, of a 
sordid-white colour, with deep black hairs on the dorsal and lateral sur- 
faces; it has a habit of curling up ventrally on being touched, showing 
the intersegmental constrictions. The full grown larva forms a cocoon 
of silk and hairs in a rolled up leaf ; apparently the larve are nocturnal 
in habit as they are found by day in cracks in the bark. The moth has 
two distinct black spots on the forewing pert iG apparently common, 
having been found on both sides of the Indian continent. 


Y psolophus includes two common plains species. Y. ochrophanes, 
Meyr., is common on such leguminous plants as lucerne (Medicago sativa) 
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and Guar bean (Cyamopsis psoralioides). The larva is green, smooth 
and nearly hairless, with small lateral black spots, and black head and 
prothoracic shield. It webs together two top leaves and lives within, 
eating holes in the neighbouring leaves. It isa common insect in the 
rains. Y. evidantis, Meyr., has a similar larva that lives on the buds and 
leaves of sissu (Dalbergia sissu), webbing the leaves together. Pupation 
takes place either between two leaflets or in the bark of the tree. The 
pupe were also found in the bark of babul (Acacia arabica), but it is not 
known that the larva feeds on this plant. 

Anarsia ephippras, Meyr., has a similar life-history and feeds on 
groundnut (Arachis hypogea). It has been found only in the rains and 
may have wild foodplants, probably Leguminosae. It is figured in all 
stages in Plate LVI. Anarsia melanoplecta, Meyr., was described from 
a single specimen reared from a larva that bores down the green shoot 
of mango; its tunnel extends along the centre of the shoots till it 
reaches the limit of the new soft growth. It then pupates, after prepar- 


ing an emergence hole, in a cocoon of silk and frass. 


Anacampsis nerteria, Meyr., is the groundnut pest of Ceylon and 
South India, found also in the Sundarbans. The forewing is narrower, 
more bronzy in colour, with a light costal mark near the apex. The pest 
has been studied by Green in Ceylon who comments on the resemblance 
of the egg in miniature, to the groundnut itself. This insect is a serious 
pest, not yet known in Northern India, but likely to spread there. The 
larva is leaf mining and comes out to pupate in webbing between the two 
sides of a leaflet. It breeds also in Psoralea corylifolia. 


Gelechia gossypiella, Saund., was described by Saunders in 1843 
from specimens sent from Broach. The larva is the notorious pink 
bollworm of India, Ceylon, Burmah, Straits Settlements and East 
Africa, whose ife-history is discussed in Indian Insect Pests and the 


Agricultural Journal} of India (Vol. I, No. 1). The larva bores into 
cotton bolls and feeds upon the oily seeds. 


Gelechia tamaricella, Zell] 
‘TY bs if 
(Tamarix gallica) in Behar 
living inside this Shelter and f 
heliopa, Low.. 
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PLATE LVI.—Awnarsta Epuipptras. 
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Diagram of hairs on second and third abdominal segments 
of larva. 


Habitation of the larva on ground-nut shoot (Arachis hypogea) 
after the larva has left it and has pupated. 
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Pupa fixed to the leaf. 
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in India, the larva causing swellings of the stems of young tobacco plants. 
The moth lays a single egg on the leaf stalk, the emerging larva boring 
down through the leaf stalk to the stem in which it lives. Pupation 
takes place inside the stem, the full grown larva preparing anexit hole 
through which the moth can escape. An account will be found in the 
Agricultural Journal of India, Vol. III, No. 1. Binsitta niviferana, Wik., 
is a remarkable species of comparatively large size with very large up- 
curved palpi, the forewings snow-white with dark-markings, the hind- 
wings yellow. The larva is a borer in the twigs of simul (Bombaz mala- 
baricum), entering at the leaf-axil and tunnelling in the centre of the 
Shoot: it is a profuse producer of silk; there are five pairs of forelegs 
and little adaptation to the boring life. When full-fed the pupa 
emerges, spins a pad of silk and pupates openly on the branch or leaf ; 
it is firmly attached by the many hooks of the cremaster and closely 
resembles a Lycenid pupa; there is no girdle but in shape it is like 
a Lycenid pupa and is quite naked and roughened. The moth 
rests by day openly on leaves and very closely mimics a bird’s excre- 
ment. Thisremarkable insect is not uncommon in the plains, the larvee 
being found in July. Bingham figures a pupa and imago of B. barrowi, 
Bingh., found on the same tree at Maymyo. (Trans. Ent. Soc., London, 
1907, p. 177.) Phthorimea operculelia, Zell. (Lita solanella), is the 
destructive potato moth of the Mediterranean, United States, America 
and India. The life-history is shown on Plate LVII. It is almost 
certainly an importation to India with seed potatoes and has spread 
over Bombay, the Nilgiris, the Central Provinces and as far East as 
Patna. The larva mines in the leaves of the growing plant or bores in 
the tubers and the pest attacks both the growing plant and the stored 
tubers, being thus extremely destructive as the seed-potatoes kept 
from one season to another are destroyed. LHpithectis studiosa, Meyr., 
feeds as a larva in dried herbarium plants in Ceylon (Meyrick). 
Sitotroga cerealella, Ol., is recorded from Kulu, as attacking maize 
cobs. It is widespread in India attacking stored cereals, rice 


especially. 


X yloryctine.—Thirty-one Indian species have been recorded by Mey- 
rick, mainly from the hills. Antram has reared Metathrinca simbleuta, 
Meyr., from branches of tea (Meyrick). Nephantis serinopa, Meyr., has 


proved a serious pest to palms in Ceylon and South India, the black- 
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headed caterpillar stripping the leaves. Procometis (Hyostola) trochala. 
Meyr., is a very large moth fora Tineid, of the colour and form of a 
allania anus. reared from larvee found feeding upon the dry fallen 
leaves of sugarcane. The larva fixes two leaves together with silk and 
lives within, moving gradually along and placing cross threads as it 
goes, so that its excrement is caught in the threads and the path of 
the larva can be traced for over a foot between the leaves. It feeds 
on the dry leaf and pupates between the webbed leaves. 
(Ecophorina.—Six Indian species are described. This sub-family 
is notable for including a species commonly found upon lac in India, 
Hypatima (Blastobasis) pulverea, Meyr., having been reared from Bengal 
lac and occurring asa serious enemy to this valuable crop, with the various 
species of Eublemma. The larva feeds not only in the insect on the tree 
but in the dry shellac on the cut stick and it is necessary to fumigate 
the rains crop of lac to free it of the caterpillars, unless it is immediately 
scraped and manufactured. (See Agric. Journ. India, 111, No. 2.) 


Stenomine.—Four species of Agriophora are recorded by Meyrick, 
of which Agriophora rhombota, Meyr., is injurious to the tea plant. (An- 
tram). 


Copromorphine.—This includes two species of Copromorpha de- 
scribed by Meyrick from Assam. 


Elachistine.—Less than twenty species of these small moths are 
recorded from India. Laverna mimosa, St., 1s one of Atkinson’s finds 
in Calcutta, the larva feeding on the seeds of Mimosa ( 


: ¢ Acacia) arabica. 
Stagmatophora promacha, Meyr., 


was reared from a leaf mining larva 
ing : ; the orange larva pupates in a thin cocoon 
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PLATE LVII.—Parnormmana OpercuLetta (LitA 


SoLANELLA). 
Porato Moru. 


A potato plant showing injury caused by the larve. 
Moth resting on plant. 

Potato tuber showing evidences of caterpillar attack in the 
masses of excrement at the eyes. A cocoon on the tuber. 
Potato tuber cut open to show damage caused by caterpillar. ~ 
Potato tuber Showing the track of the caterpillar and the 

pupa. 
Young larva. 
Imago, male, 
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open. They superficially resemble Tineids, but are brightly coloured 
and are not crepuscular. The long hindlegs are held up in a striking 
manner when the little insect is at rest and.one may commonly see the 
moths coupling on the top leaves of a plant. There are four Indian 
species mentioned by Hampson, of which two are common: in the 
plains. Cdematopoda clerodendronella, Staint., has the forewing red, 
the hindwing orange. The larva feeds on Clerodendron, of which 
several species are common in waste lands, webbing together the top 
leaves. (See Stainton, Trans. Ent. Soc., London, 1856, p. 125.) It has 
been reared on Clerodendron infortunatum and Anisomeles ovata; the 
larva is brownish, with few short hairs and webs up the top of the 
shoot ; it pupates in a thin silk cocoon in the bunch of leaves, the 
moth emerging inside the cocoon. It is found in the hot weather and 
rains In the plains. Q. cypris, Meyr., was reared from a colony of lac, 
(Lachardia albizzie) in Ceylon (Green). Eretmocera empactella, Wlk., 
is far more common ; the forewing, thorax and legs are metallic blue 
with yellow spots, the abdomen yellow with a dark band. Stathmopoda 
(Moloscelis) theoris, Meyr., was reared from dark coloured slender larve 
found feeding in sunflower heads; the larva has a black head and 
prothoracic shield, the body naked, black, with five pairs of prolegs ; 
the sunflower seeds do not appear to be eaten, but the dried remains of 
the flowers. Pupation took place in the head between the seeds. The 
moth is a slender insect, with narrow yellowish wings, the apical two- 
thirds brown. 


Chlidanotine.—A small number of species known as yet only from 
Ceylon. 

Gracilarvine.—This sub-family has recently been listed by Meyrick 
(Journ. Bombay Nat. Hist. Soc. XVIII, No. 4), with 41 species recorded 
from India. Lithocolletis triarcha, Meyr., has been reared from larve 
mining the leaves of tree-cottons in the plains. The larva is flattened 
but has legs and five pairs of suckerfeet; the mine is visible on the lower 
surface of the leaf and the pupa is found in it. The moth is very small, 
with brown forewings bearing three oblique silvery bands. L. bauhinia, 
Stn., was bred in Calcutta by Atkinson, who describes the larva as mining 
the leaf of Bauhima purpurea (Trans. Ent. Soc. London, 1856, p. 301. 
Acrocercops (Conopomorpha) tricyma, Meyr., is a tiny white and brown 


moth, whose larva mines the leaf of Kakaronda (Blumea balsamifera), 
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being found in one mine. The 
merging in April and 
(Trewia 


as many as four or five tiny green larvee 
pupa is in a silken cocoon inthe mine, the moths e ! 
May. A. telestis, Meyr., was reared from a leaf-miner of Pitha , 
nudiflora) in Behar and A. phalarotis, Meyr., from a similar leaf-miner 
in Chichira (Achyranthes aspera). A. (Gracilaria) terminalia, Stn., was 
bred by Atkinson from larve mining the leaves of country almond 
(Terminalia catappa). This and other Indian species are figured by 
Stainton (Trans. Ent. Soc., London, 1862, p. 291). A. (Gracilaria) 
orientalis, Stn., was described from specimens reared on Bauhinia by 
Atkinson (loc. cit., 1856, p. 301). Gracilaria octopunctata, Meyr., is a 
small dark moth with four yellowish spots on each forewing ; the larva 
rolls the small leaves of sissu (Dalbergia sissu), forming a small mass of 
often dry leaves in which it lives and pupates. The pupa is sometimes 
in a web of very white glistening silk on a leaflet. Gracilaria thewora, 
Wlsm., is a pest to tea in India and Ceylon; the larva mines and rolls 
the leaf. (Ind. Mus. Notes, II, 49.) 


Plutelline. Over twenty species are recorded from India, largely by 
Meyrick. Simethis orthogona, Meyr., has been reared on Sahra (Psoralia 
corylifolia) in Behar; the larva is green with a brown head and a row 
of black tubercles on each side of the body; it feeds on the leaf, 
pupating under a slender white cocoon on the leaf; it is common yearly 
in July. Phycodes radiata, Ochs., is a rather conspicuous moth, common 
in the plains (Plate LII, figs. 7-10). The larva is a leaf-roller, feeding on 
pipal (Ficus religiosa) and other wild figs as well as on the cultivated 
fig (Ficus carica). It pupates either on the leaf or, if before winter, on 
retry aephampertineisy 
another brood. aes Me oe aces x ue as on : 
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grapta, Meyr., is a tiny white moth, the narrow forewing tinged with 
ochreous at the apex and with a distinct black apical spot and fuscous 
bars. The larva is a miner in the leaf of sissu (Dalbergia sissu) and is 
at times extremely destructive to young plants. The moth is curiously 


Fig. 345—PLUTELLA MACULIPENNIS. [I. M.N.] 


abundant in the cold weather when the leaves of the sissu fall, great 
numbers collecting in bushes, plants, wherever there 1s cover ; at dusk 
they come out and fly about. When the sissu puts out young leaves 
in February, they lay their eggs, a single small egg on each leaflet. 
Tineids are not often a marked feature of the insect life of the plains, 
but this species cannot fail to be noticed in January and February, 
where this tree grows abundantly. Crypsithyris longicornis, Stn., 
is the moth whose larva lives in the little oval case found commonly 
on plastered walls in Indian houses; the case is of fragments and 
apparently spiders’ webbing woven up with silk and the larva moves 
slowly along the wall. Its nourishment is apparently the size in the 
whitewash or some similar organic material. The pupa is in the case 
which is then hung from the ceiling by a thread, the pupa emerging 
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at the upper end for the moth to escape. ses atieek 

i : halo eyr. 
Hymenopterous parasites. The larva of Opogona ei a, y , 
feeds in the dry stem of Gurur (Polypodium quercifolium), reducing 
and dust amongst which the full grown larvee 


This species is attacked by 


it to a mass of frass i 
pupate in white silken cocoons, covered with frass and dust. The 
larve were found in January, the moths continuing to emerge from the 
Ist February to 11th March. Green found the larve of Opogona chala- 
nitis, Meyr., in the fungus beds of termites In Ceylon. Setomorpha 
tineoides, Wals., is not uncommon in dried tobacco leaves in India, and 
may doa considerable amount of damage if neglected (Plate XXVIII, 
fig. 10). JS. rutella, Zell., is recorded as attacking blankets in Calcutta, 
Tinea pachyspila, Meyr., as living in a case on woollens and furs in 
bungalows in Ceylon (Meyrick), and Tinea tapetzella, Linn., was reared 
from wool in Calcutta. (Indian Mus. Notes, III, 5, 66.) Walsingham 
described a species as Ereunetis seminivora, which was bred from pods 
of Cassia occidentalis in Bengal. (Indian Mus. Notes, IV, 107.) 
The moth is dark chocolate brown with a pale ochreous band from 
base to apex of wing; the position of this species was uncertain 
owing to lack of material and until the species is found again, must 
remain doubtful. Tischeria ptarmica, Meyr., is recorded as mining in 
the leaves of ber (Zizyphus jujuba), at Puri, as many as twenty larve 
in one leaf (Meyrick, Rec. Ind. Mus., II, 399). 


Dasyses rugosellus, Stn., is recorded as living in wood in India and 
Ceylon. (Indian Mus. Notes, V, 103.) It has been reared from larve 
found in mango and gular bark, as also in the frass of a Cerambycid 
borer in mango. It pupatesina silken cocoon in the dust or bark, the 
pupa wriggling partly out. Strepsipleura cheradota, Meyr., is a small 


brownis "e 
is nish moth reared from larve found rolling the leaves of the pipal 
(Ficus religiosa). 
Adeline.—One species of 


} , Adela and ten of Nemotois from sub-tropical 
India are included herein. 
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lector who 1s looking for them and nothing else. Meyrick’s printed in- 
structions to collectors are useful, and Kearfott has an extremely valuable 
series of papers on collecting, pinning, etc., in the Entomological News 
(U.S. A.), for March, April and June 1904. Our knowledge of the group 
would be much increased if there were workers in this subject alone in 
so favourable a field as India. 


HEPIALIDA. 


a Both wings with twelve nervures, 
em the cell of the hindwing emitting 
A. more than 6. No mazillary 
palpi or tibral spurs. 


These are large moths of 
peculiar facies, found solely in 
the hills, none occurring, or very 
rarely, at low elevations or in 
the cultivated pains. They are 
regarded as the most generalised 
of existing moths, after the 
Micropterygide, the wings being 
but little specialised. The 
antenne are short and _ filiform, 
the legs short, the proboscis not 
developed. The narrow wings 
and long body suggest the 
Cossid moth. 


So far as known, the larvee 
are borers in plants, often in 
roots. Phassus is the best known 
genus in India, with several large 
species. Only twelve are recor- 
ded as Indian. Phassus mala- 


baricus, Mo., was reared from a 


larva boring a tea bush in the 
Fig. 346—PHASSUS MALABARICUS IN Pt, 
RESTING ATTITUDE x 1, Nilgiris ; the moth hangs by day 
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its f i ings wrt d it, in the position a 
by its forelegs, with the wings wrapped roun ; | p uns 
7 The larva bored down the root of the tea bus 


flying fox or bat has. 
5 
ing in the bore towards the opening. 


from the soil level, the pupa ly 


THY SANOPTERA —Thrips. 
Small insects, with two pairs of narrow fringed wings. 


The order is very incompletely known in India, chiefly owing to the 
small size of the insects composing it. Our common forms are less than 


one-tenth of an inch long. of 
dull colouring. The head is 
short, the antenne moderately 
long and inserted on the ex- 
treme front of the head ; there 
are compound eyes and_ ocell 
and the inconspicuous mouth- 
parts are on the under surface 
of the head towards the thorax. 
The trophi are peculiar and in 
some species are formed for 
lacerating the epidermal tis- 
sues of plants, the resulting 
sap or semi-liquid matter 
forming the food. In a 
number it is uncertain to what 
use the trophi are put, and 
it is stated that they are suc- 
torial in function. _ 


Fig. 347—Turirs, 1—Kac. 2, 3—NYMPHs. 
4— RESTING NYMPH. 5—IMAGO. 
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on long hairs until deposited. The legs are formed for running, are 
rarely used for leaping, and terminate in a one or two-jointed tarsus 
and a peculiar vesicle. There are many peculiarities of structure in 
the trophi, tracheal system, ete., which we cannot touch on here. 


Extremely little is known of the life-history. Eggs are laid in or 
on the tissues of plants (usually leaves), under bark, in crevices on the 
soil and in other sheltered situations. There are said to be three moults 
in the life of the emerging nymph, which 1s similar in general structure 
to the adult ; at the third moult the insect appears with external wing 
lobes and rests until with another moult, it becomes winged and mature. 
This fourth instar is then an intermediate state between an ordinary 
maturing nymph and a true pupa. Thrips are found on plants, usually 
in flowers and often in great abundance. Some are found only on leaves 
and they may cause damage to plants by lacerating the epidermal tissues 
and gradually destroying the leaves. Others are found only in flowers 
and it is surmised that they feed upon pollen. In Australia some are 
found causing galls. A large number are also found under bark and 
in turf. Thrips are commonly reckoned among injurious insects and 
Physopus rubrocincta, Giard, is a serious pest to cocoa in the West 
Indies, to which place it was probably introduced from Ceylon ; others 
are injurious to cereals, etc., in Europe. Two cases have been seen in 
India of very slight injury to plants by thrips, and we believe these 
insects are commonly harmless. The species attacking tea in Sikkim 
are of greater importance and have in recent years done much damage. 


Uzel observes that, while in some species both sexes occur, in some 
there are only a small number of males, the majority of the females 
reproducing parthenogenetically ; in others, there is one sexual genera- 
tion yearly, while in a number, no males have yet been found. He also 
notices that in some species normally wingless, winged females or 
winged forms of both sexes appear occasionally, for the purpose of 


spreading the species to new spots. 


The monograph of this order by Uzel is written in Bohemian (with a 
German synopsis) and mentions three Indian species out of 135 then 


known (1895). He divides the order as follows ;— 


544 THYSANOPTERA. 
ipositor. Wings wit internal and one 
|. Female with an ovipositor. Wings with two int 
marginal vein. (T'erebrantia). 


ci . . a ta iJ a 
I. Antenne nine-jointed. Ovipositor curved upwards. Molothri 


pide. 


2. Antenne six to eight-jointed. Ovipositor curved downwards. 


Thripidae. 


II. Female without ovipositor. Wings veinless or with one short 
internal vein. Antenne eight-jointed. Body flattened, apex 
of abdomen tubular. (Z'ubulifera) Phlaothripide. 


The recorded Indian species are members of the last family ; Jdolo- 
thrips halidayi, Newm. and (?) Phiwothrips anacardii, Newm., were 
described from specimens found on Anacardium in Mysore, while (?) 
Phlaothrips stenomelas, Newm., was found in Ceylon. The species 
described as Physopus rubrocinctus, Giard., also occurs in Ceylon and 
belongs to the Thripid@, as do the tea thrips. 


Very little is known of thrips in India, though they occur 
commonly. We have two species which are destructive to pulse crops, 
but they have been found only once. Another is known to attack 


opium, a fourth is recorded as attacking turmeric in Madras. (Indian 
Mus. Notes, I, p. 109.) 


At least one species is common in flowers, the flowers of Sann Hemp 
(Crotalaria juncea), being commonly full of a harmless thrips. Others 
have recently been destructive to tea in Darjeeling and other larger 
forms have been found. There is probably a considerable number of 
species which require collecting and observing. Specimens should be 
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DIPTERA. (Flies.) 


By F. M. Howtertr. 


The antennz moderately long and many-jointed, or quite short with 
few joints of which the last is thick and bears a bristle-like process, 
The mouth-parts for sucking, sometimes tor piercing also. One pair 
of wings (mesothoracic), hyaline, with few cross-veins, occasionally 
hairy or scaly. A pair of metathoracic halteres. The body bristly, 
hairy, scaly, or bare. The metamorphosis complete; the pupa may 
be bare with the limbs free, or may be enclosed within the last larval 
skin, The length of the imaginal life is often greater than the larval, 
the latter frequently very short, None of the Diptera are very 
large, and many are very small. None are truly social. The larve 
are without feet ; a large number are parasitic on insects and a few 
on mammals; very many others are scavengers, while some are 
predators and herbivores; many are aquatic, The adults’ include 
very many flower-haunting species and some predators and blood- 
suckers, 


The Diptera are separated into two big groups corresponding to the 
way in which the pupa or pupa-case splits when the adult insect emerges. 
Those families in which there is 

Orthorh apha a split more or less straight down 


the back of the thorax are group- 
ed together as ORTHORHAPHA 
(2.e., ‘‘ straightcrack ”’), while those 
in which the split runs round 
the end of the pupa-case (fig. 
mac et 348) are called CYCLORHAPHA 
Cyclorhapha- (i. e., ‘“‘roundcrack ’’). 


Of course it is often impos- 
Fig. 48—SPLIT PUPA-CASE. sible to see the way in which 
any particular fly escapes from 
the pupa, and these divisions would be useless were they not also 
indicated by other characters more easily observed. The Ortho- 
rhaphous pupa itself differs from the Cyclorhaphous in that the latter is 
enclosed in the last larval skin, which remains surrounding it as a 
IIL 519) 
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. a4 
and its case together being called a “" pupa- 


protecting case, the pupa PRP 
with few exceptions (e.g., the family 


rium.’ In the Orthorhapha, 
Stratiomyide), we find, 
on the other hand, that 
the last larval skin 1s 
completely shed and cast 
aside, leaving the pupa 
bare and unprotected ; 

in such pupe the limbs Fit M°-A RRR CROW LIFE) 


and general shape of the 
future imago can be seen, while in the Cyclorhaphous puparium all these 


details are completely concealed by the hardened and contracted larval 
skin which encloses the true pupa. This difference in the type of pupa 
is associated with a difference in the way the fly gets out of it: in the 
Orthorhapha the splitting of the comparatively weak pupa-skin is 
effected by what we may call ‘‘ hunching the shoulders,”’ and the top 
of the thorax is the part of the fly’s body which is first exposed. The 
Cyclorhapha employ a different method, perhaps owing to the less yield- 
ing nature of the hardened skin which surrounds the true pupa. In order 
to escape, the fly, instead of trying to crack this skin along the thorax, 
pushes out the end of it and emerges head foremost. To push out the 
end it cannot use its feet and limbs, since these are confined mummy-like 
in the puparium, but it gets over the difficulty by the help of a very 
aot a kas in the shape of an expansible balloon arising from 

Sikes nflated with liquid from the body, this balloon (called 
= : ptilinum °) pushes off the end of the puparium and releases the fly, 
peapnmpheineprrr sc 
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1s frontal suture are Cyclorhapha. 


It should be noted that three families (Platypezide, Pipunculide and 


the big family Syrphi ; 
yrphide) are included ; 
Bing de unt fokeemeGAtAT Stites 4 in the Cyclorhapha although 


hapha ** Aschiza’’ (i.e., without suture) 
hapha because of the mode of splittin 
by the form of the antenne and by : 


y are therefore known as Cyclor- 
, being classed with the Cyclor- 
oF the pupa-case as well as 
their possessing a small but Sys- 
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tematically important structure in the shape of a minute sclerite just 
above the base of the antenne, called the frontal lunule (fig. 405) which 
is characteristic of all the Cy- 
clorhapha. Apart from these 
three families the rest of the 
Cyclorhapha consists of a vast 
number of species possessing 
both lunule and suture, and 
hence known as Cyclorhapha 
‘*Schizophora’’ (7.e., ‘“pos- 
sessing suture ’’). House-flies 
and blue bottles belong to 
this group. The Cyclorhapha 
as a whole are also distinguish- 
ed by their antenne having 
not more than three joints, the 
third joint showing no signs of 
being segmented or made up of 
more than one piece, while it 
bears on its upper side an 
‘* arista’’ (fig. 351) which is 
quite thin and hair-hke and 


Fig. 350,—Hwéap or Muscip (cycLorHarna) sosr frequently plumose or pube- 


EMERGED FROM PUPARIUM, SHOWING ABOVE ie, 
THE ANTENNA THE HALF-DEFLATED “ Pritt. Scent. The palpi are unjoint- 


aga ed. The Cyclorhapha are 
thus divided into two eroups, the Aschiza and Schizophora. The 
Orthorhapha are likewise divided, but here the division is based 
mainly on the structure of the antenne. The first group, the 
Orthorhapha ‘‘ Nemocera’’  (1.¢., ‘“thread horn’’), generally 
have 4-jointed palpi and long antenn usually composed of a dozen or 
more similar freely-jointed segments, while the second group, the Ortho- 
rhapha Brachycera (7.e., ‘* short-horn °’) have palpi of not more than 
two joints, and short antenne which show various grades beumeen the 
many-jointed Nemocerous antenn» such as that of mosquitos or Simu- 
lium (fig. 351) and the simple short three-jointed antenne of the Cyclo- 
rhapha. From the Cyclorhaphous antenne those of the Orthorhapha 
3rachycera differ in that they usually show pretty clearly that what 
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* . . y. . ° A 7 of “| os e 

may look like the third joint and its continuation (arista) 1s severe 
7 ‘ol . joi ther . noted that 

up of several joints or segments joined together. It may be note ) 
‘“arista ’? is thick and terminal, it 


when, as in many Brachycera, the mle | 
to distinguish it from the very thin 


is generally called a ‘* style,”’ 
usually dorsal arista of the Cyclorhapha. 
Putting what has been said above into tabular form, we have— | 
Orthorhapha, with pupa generally — (1) Nemocera including mosqul- 
free, the fly emerging by a split tos, gnats and the like, with many- 
along the top of the thorax. jointed antenne and four or five- 
jointed palpi. 

(2) Brachycera including the big 
horse flies (‘‘ Dans’’) and a variety 
of others, with palpi of not more 
than two joints and antenne of 
various forms intermediate between 
Nemocera and  Aschiza, but 
generally showing at least traces 
of more than three joints or seg- 
ments. 


Cyclorhapha, with pupa enclosed (3) Aschiza including many 
in last larval skin, the end of this hovering flower-flies, with frontal 
being burst open by the fly on em- lunule but without frontal suture. 
erging, Antenne simple, 3-jointed with 

arista. Palpi unjointed. 
(4) Schizophora including house- 
flies, bluebottles, etc., with lunule 
and suture. Antenne simple, 3- 
jointed with arista, as in Aschiza. 
Palpi unjointed. 
To these we will now add two more 


groups, whose members can 
generally be recognized without difficulty 


(5) Pupipara including the well- 
known crab-like dog-flies. Parasitic 
' Sometimes wingless insects of 
curious shapes, flattened, with lea- 


thery skin. They lay no eggs, but 
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produce their young as larve or 
pupe. 

(6) Stphonaptera, Fleas. Parasi- 
tic wingless jumping insects with 
narrow flat-sided bodies and lea- 
thery skin. 

These two groups are so much modified in accordance with their 
parasitic mode of life that they are easily distinguished from other 
Diptera, and we shall at present consider only the first four. The classi- 
fication of these given above depends on the structure of antenne, palpi, 
and head, but there is another character, the venation, which is of con- 
siderable importance (See p. 553). 

The life-histories, while very various in detail, exhibit a general 
broad similarity. The larve in the Nemocera are mostly aquatic or 
inhabit wet places, the former usually developing into floating pupe. 
Very few of the larve are predaceous, most of them being vegetarians 
or scavengers, and the imagos are in many cases blood-suckers (Mos- 
quitos, Midges, Sandflies, and Simuliwm). One family, the Cecidomyuda, 
includes many gall-makers. The larve of the Brachycera are only 
occasionally semi-aquatic or aquatic (e.g., Tabande, the horse-flies, 
and Stratiomyide) and are mostly either predaceous or parasitic on 
other insects ; a few are scavengers. The adult Tabanids suck the blood 
of animals ; several other families suck the juices of insects, while those 
flies which develop from parasitic larve generally frequent flowers and 
suck nectar. 


In both the Nemocera and Brachycera most of the larvee have a 
distinct and well-formed head which is clearly separate from the tho- 
racic segments. 


The larvee of Aschiza and Schizophora are of a different type, for in 
these the head is very small and either habitually retracted or poorly 
developed, without any neck or distinctly marked division from the 
thorax, while the jaws are generally represented by two small hooks 
which work up and down, and not horizontally as in many Nemocera. 
With the exception of some Syrphide we do not know of any 
predaceous larve in these groups; a few are aquatic, a considerable 
number attack living plants, and a still larger proportion are scavengers 


or are parasitic on insects or mammals. 


TERA. 
550 DIP 


Excluding the aquatic and some of the parasitic forms, the fem 
appearance of the larva is much the same in the seer eee oe 
species. The tail end is thick and blunt, bearing two chi yrs x ae 
marking the openings of the posterior spiracles : from the tail the body 


tapers toward the head, which is quite small, eyeless, and furnished ne 
a pair of downward-curving hooklets which serve as Jaws. The adults 
are nearly all flower-flies ; a few are predaceous and there are a small 
number of species which suck blood. 

If we except the Fleas, Mosquitos, Sand-flies, and perhaps some 


Midges, we may say that no Diptera appear to bp-nnevntna yh eee 


Fig. 351—ANTENNA OF 
NOLICHOPID, (e) 


(a) CULicID, (6) SIMULIID, (¢) TABANID, (d) 
GREES OF SHOR 


SYRPHID (f) Musc 5 IN 
) Sy ; SCID. SHOWING DIFFERENT DE- 
TENING AND COMPACTNESS. ai ead 
(After Comstock and Sharp.) 
the predators and bl 
p olood-suckers, 


the adults frequent ei 
filth. Hibernation where it oc quent either flowers or 


curs apparently takes place most often 
ec tt es > . . . . 
ondition, but sufficient information on this 


accur ad. ¢ 
umulated, and some flies (e.g., Mosquitos) 


either in the larval or pupal 


point has not yet been 
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are known to hibernate as adults. Not much is known about the past 
history of Diptera, but from the study of insects preserved in amber it 
appears that the oldest forms are among the Nemocera, and that the 
Schizophora are of much more recent development. Now if we com- 
pare these two groups we shall see that development has largely taken 
the forms of reduction, shortening and simplification of parts, rather 
than the production of new ones. This does not apply to the ptilinum, 
which is an organ not possessed by any of the Nemocera, but it does apply 
especially to the antenne, palpi, and venation. Fig. 351 represents 
two antenne of Nemocera, two of Brachycera, and one of Aschiza and 
Schizophora. The possible course of development is clearly seen where- 
by a nemocerous antenna might in course of time be modified into the 
compact three-jointed Muscid pattern (f). 

So also with the maxillary palpi (labial palpi are very rarely 
if ever present) : those of the Nemocera generally have four joints, the 
Brachycera two or one, the Aschiza and Schizophora always one only. 

The question of venation is more complex (p. 553), but on com- 
paring the wings of the Nemocera, Brachycera, Aschiza, and Schizo- 
phora, it is clear that the main characteristic of the Schizophora is the 
comparatively few veins in the hinder part of the wing and the closing 
up of the cells near the base (basals and anal). In the Nemocera the 
hind part of the wing has several veins, and the anal cell is large and 
open. In the Brachycera the anal cell shows signs of diminution, and 
may be éither narrowed at the margin or closed. In the Aschiza it is 
always closed, though often large, while in the Schizophora it is always 
closed and usually quite small. In this connection it should be pointed 
out that though what has just been said is true on the whole, yet indi- 
cations of this line of development by reduction of wing-veins can also 
be traced in each of the four groups taken singly, more particularly 
among some of the smaller Nemocera and Brachycera ; such are the 
Chironomide, some Bibionide and especially Simulium in the former 
group, and in the latter some Stratoomyide, Cyrtide, Dolichopodide, 
and especially Phorida. The same tendency towards simplification 1s 
met with in the larvee. Speaking in a general way one may say that the 
oldest families of flies are probably those which have aquatic or semi- 
aquatic larve with distinct head and eyes. Such larve are the rule 
among the Nemocera. Bibionid and Mycetophilid larve, though not 
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aquatic, cannot endure drought. The gall-making Cecidomynde oe 
a much specialised family whose larvee are In no way aquatic. 

In the Brachycera there are a good number of this aquatic oF seml- 
aquatic type among the more primitive families (Leptide, Stratiomyrde 
and Tabanide), but most Brachycerous larve (Asihde, Therevide, etc.), 
live on land, preying on such insects as are found in rather damp but not 
very wet places such as rotting wood, bark, or in moss OF earth : they 
are active, with distinct heads, the eyes are present in some species and 
absent in others, and the antenne are not so well developed as in Nemo- 
cerous larve. There also occur in this group a large number of para- 
sitic larvee (Bombyliide), but these, at any rate in their later stages, are 
almost incapable of motion and have no distinct head, jaws, eyes or 
antenne, though when newly-hatched the larvae may be very active. 
Among the Aschiza there is a considerable variety in the form and habits 
of the larve ; they may be scavengers, vegetarian, predaceous, parasitic 
or commensal, and there are a small number which are aquatic [e.g., 
genus Eristalis in family Syrphide (fig. 404)], but in spite of this variety 
in their mode of life the head is never well developed, and the eyes and 
antenne are either absent altogether or extremely small, the general 
shape approaching that of a ‘‘ maggot.’’ . Much the same may be said 
of the larve of Schizophora, but in this group there is less variety in 
habit. In the section containing what are probably the older and less 
recently developed families (the ‘‘ acalyptrate muscoids ’’), there are a 
few aquatic larve (e.g., Ephydride, Sciomyzide); and of the rest very few 
if any are truly predaceous, and almost all feed on living plants or are 
se i ar HOST of form has here been carried 
ae is. _ at ,& figs. 424, 425), the head and sense-organs 
extreme simplificati ee Beau point. The probable reason of this 
Rete eho. ue. oe Pas the shelter and protection which the 

its ensure: living as these larve do, either inside plants 

pe tieseat Se decaying matter, or as parasites in the bodies of 1 ts 
and other animals, they have little need of odies 0 eee 
which enable them to eat, breath hie ee ae eee 
degenerate and disappear, leavi ee ea , 
creature admirably Miapied Retire pe Tear, eae : 

es pee wn simple way of life. 

ou e 
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employ to obtain oxygen are extremely beautiful, but so various that 
we cannot attempt any general account of them; the student will find 
a great deal of interesting information in Miall’s ‘* Aquatic Insects,”’ 
and further knowledge can be obtained from the nearest tank. 


The typical respiratory system of the Dipterous larva consists of 
two big tracheal tubes running from tail to thorax, connected with each 
other by cross-tubes and having side branches to the lateral spiracles. 
There is a general tendency for these lateral spiracles to degenerate, so 
that breathing may be mainly or entirely carried on by the anterior 
(prothoracic) and posterior spiracles only ; larve with this arrangement 
are called ‘‘ amphipneustic ;’’ in many larvae, especially in aquatic 
species, the posterior spiracles alone remain functional, and then the 
larve are called ‘‘ metapneustic.’’ In these aquatic forms respiration is 
often carried on in part by gill-processes, generally situated at the tail 
end of the body (see p. 131). 


Some parasitic larvae (Oestrida) are able to live for long periods in 
the body of their victim without any air. 


Venation—The nomenclature of the wing “‘veins’’ or ‘‘nervures’”’ 
has for long been a source of confusion to the student, since there is no 
one authoritative system in vogue. The most satisfactory is that of 
Comstock and Needham, a modified form of which we have therefore 
adopted. Comstock’s system is based on an extensive comparative 
study of the development of the veins in the wings of a large number of 
insects, and. is applicable to other orders besides Diptera. To explain 
it, we will take as an example one of the common large horse-flies (T'aba- 
nus), shown on Pl. LXII (not the well-known flat brown cattle and 
dog-flies). Forming the front edge of the wing is a strong vein called 
the Costa, which in this case is continued right round the edge of the 
wing. Just behind it is the swbcosta, which joins it about half-way along 
the front edge of the wing. Just near the base of the wing the costa 
and subcosta are connected by a short cross-vein, the humeral cross-vein. 
Behind the subcosta is a third vein, which is seen to be single near the 
base of the wing, but branches towards the tip into four separate veins. 
This vein is called the Radius, with its branches, first, second, third 
and fourth (counted from the front). Behind the radius, and connected 
with it by a little cross-vein in the middle of the wing (the anterior cross- 
vein), is the Media, which divides near the middle of the wing into an 
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the anterior branch having an ofishoot 


anterior and a posterior branch, 
with the posterior 


rer the edge of the wing) connected 
(the posterior cross-vein), and thus com- 
pletely enclosing a small space ‘nthe middle of the wing. This enclosed 
area is called the Discal cell. Looking again at the basal half of the 
dia a vein called the Cubitus, dividing, like 
of which the front one is joined by a little 
The other (posterior) 


(coming off nea 
branch by a small cross-veln 


wing, we see behind the Me 
the Media, into two branches, 
cross-vein to the posterior branch of the Meda. 
branch of the Cubitus coiilesces, before it reaches the edge of the wing, 
with the anal, the sixth and last longitudinal vein. 

In speaking of the spaces bounded by veins, i.e., the cells, we use the 
following names. The cell between the costa and subcosta is the Costal 
cell, that between the subcosta and radius, the subcostal. Separating 
the main stem of the radius from that of the media is the first basal 
(bounded on the outermost side by the anterior cross-vein), while the 
second basal similarly separates the media from the cubitus. The cell 
between the cubitus 2 and anal vein is the anal cell, which in this case is 
closed before the margin of the wing is reached owing to the coalescence 
of the cubitus 2 and anal veins. The cell behind the anal vein is the 
axillary. 

Taking now the cells bordering on the outer edge of the wing, the 
one lying next to the subcostal cell on its outer side is the marginal cell 
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five cells can be seen, which are the five posterior cells, the front one being 
called the first. 

On comparing the figure of the mosquito’s wing (fig 352), we see 
that the media is only two-branched, and there is no posterior cross- 
vein, and thus no closed discal cell. Also the cubitus 2 and anal veins 
do not coalesce, but remain quite separate, leaving the anal cell open 
at the margin of the wing. 

The house-fly type of wing (fig. 423 & Pl. LXVIIT) has diverged a 
good deal from that exhibited by the horse-fly and mosquito. "This is 
thought to be due to the coalescence, or growing together inwards from 
the margin, of certain veins at some period in the past history of house- 
flies, and a consequent reduction in the number of veins apparently 
present. 

There is only one submarginal cell (i.e., the radius is 3—instead of 
4-branched). The media is 2-branched, the first branch turning up so as 
nearly to close the first posterior cell. The branching of the media occurs 
quite near the base of the wing, and the posterior cross-vein 1s rather near 
the margin, so that the discal cell is large. The posterior branch of the 
media has coalesced along nearly its whole length with the anterior 
branch of the cubitus, while the short posterior branch of the latter joins 
the anal vein near the base of the wing, the anal cell being thus quite 
short (7.e., “closed remote from the margin’’). Just behind the anal 
vein is a small second anal vein. There is another system of naming the 
veins which is very often used, and which is more convenient when 
dealing with the specialized wings of most Cyclorhapha ; we therefore 
give it for comparison and reference. The names of the cells and cross- 
veins are the same ; the others as follows :— 


Costa os .. Costa. 

Subcosta .. .. Auxiliary. 

Radius 1 . Ist Longitudinal. 
* 2 .. 2nd Longitudinal. 


3rd Longitudinal anterior branch. 
3rd Longitudinal posterior branch. 


9) 
i) 


Media 4th Longitudinal anterior branch. 


99 


4th Longitudinal posterior branch. 


+ 
—“ 


5th Longitudinal anterior branch. 


_ 


Cubitus Dth Longitudinal posterior branch. 
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Cubitus 2 _. Posterior basal cross-veln. 
Anal u _, 6th Longitudinal. 


sed 1 ibi ies may need expla- 
Some of the terms here used in deseribing flies may p 


nation. 

Squame (fig. 353), are small membranous flaps covering the little 
knobbed rods called halteres at the base of the wing. The part of the 
head between the eyes and above 
the antenne is called the front, 
and rows of bristles down its 
sides are called the fronto-orbital 
bristles (Pl. LVIII). A large 
single bristle on the tibiee some 
little way above its lower end 
is called a pre-apical bristle. 
On the feet the two outer pads 
are called the pulvilli, the 


middle one the empodium. 


nls - = é 
The study of Indian Dip Fig 353—SqUAM& OF A  BLUEBOTTLE, SEEN 


tera has until quite recently "ROM THB SIDE AS TWO WHITISH FLAPS 
COVERING THE HALTERE; THE OVAL HEAD 
been much neglected. With OF THE LATTER IS SHOWN IN THE CENTRE 


’ OF THE FIGURE. 
the exception of a small amount 


of information contained in Indian Museum Notes, practically no record 
of work on the habits and life-histories of any but the Culicide has been 
found. In this latter family the student will be greatly helped by Giles’ 
“ Mosquitos ”, James and Liston’s ‘‘ Anopheles of India,” the latter 
with excellent plates, and Theobald’s ‘‘ Monograph of Be Culicide,”’ 
together with other more scattered literature. Dr. Speiser’s writings of 
ears contain many references to Asiatic species, and those re of 
Genera Insectorum,” which refer to Diptera will be found ie h 
ae se available for reference. For the rest, Van der Wulp’s ‘‘ ae 
non beae: oe of 8. Asia ” (up to 1896) is essential, and will form 
is ure woe In it will be found references to former 
i erature and to the original descriptions of a large n i; f Asia 
species. As a really general text-book in En ane eee a 
beginner would probably do best with the : t Ae ae beh : 
Williston’s excellent ‘‘ N. American Diptera” jus published edition of 
onlyO Ai Raetcies “Tu: Tai ra, remembering that it treats 
uscum 1s at present publishing 
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in the Museum Records the results of a revision of the species in the 
Calcutta collection, and these will be extremely useful to students of the 
systematic side of the subject. Since any lists of species at present known 
would so very soon be useless in view of the rapid expansion of our 
knowledge of Indian flies, we have written this section with the object of 
giving merely a general introduction to their study and some slight idea 
of their habits. 


ORTHORHAPHA NEMOCERA. 
PSYCHODID. 


Very small hairy moth-like flies. Wings broad and hairy, meeting 
roof-like over the body as in moths, except in Phlebotomine. Ten 
longitudinal veins, without the usual cross-veins. Wings often clothed 
with scales. 


These curious little flies are often seen in shady rather damp places 
on tree-trunks or bath-room windows. They often run nimbly about in 
little circles, but their flight is feeble. Their vena- 
tion is remarkable owing to the absence of any cross- 
veins, except near the base of the wing. The larve 
(fig. 356), generally live in wet or rotting vegetable 
stuff but some are more purely aquatic, with a short 
breathing tube at the tail, while in some species 


(Pericoma), there are a pair of anterior spiracles as 
well as a posterior pair, the latter opening into a 
Fig. SED he fringed cup rather similar to that possessed by 

Culicids, Stratiomyiids, and several other aquatic 
larve. This presence of functional anterior spiracles is a rare condition 
among aquatic larve. 

Some larvee of Psychodids (fig. 355), found in Brazil, in company 
with those of Blepharoceride, on rocks about waterfalls, show a curiously 
similar adaptation to life in swiftly running water. 

The normal Psychodid pupa (fig. 357) is in general appearance a 
good deal like that of Lepidoptera, with the addition of a pair of ante- 
rior horns through which it breathes while floating in the water or lying 
in damp soil or decayed vegetable matter. 

There are very few genera in this family, but a considerable number 
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yeing known in England. Few 


of species, between fifty and a hundred | 7 
Annandale and Brunetti), 


are yet recorded from India (Ind. Mus. Rec.. 
but an examination of the walls and windows of 
bath-rooms soon shows that the insects are abun- 
dant in the plains as well as the hills. Two 
species are very common at Pusa (fig. 356), une 
larve of both being aquatic or semi-aquatic, 
living in places where water constantly drips, 
or in holes in tree-stumps and similar spots, and 
feeding on green alge and other vegetable matter. 
The two largest genera are Psychoda, in which 
the last branch of the Radius ends at or in front 
of the wing-tip, and Pericoma in which it ends Fig, 355—Lakva or a 


Henak BRAZILIAN  PSYCHO- 
enind 1t. DID (AFTER MULLER), 
ENLARGED. 


Dr. Annandale has made the interesting dis- 
covery that Diplonema, a genus hitherto known only from specimens 
found in amber, occurs in the Himalayan 

region. 

The chief importance of the family depends 
on the fact that some few species are vigorous 
blood-suckers. Until comparatively recently 

| the identity of these flies in India was appa- 
rently hardly recognised, though one species 

had been described from Ceylon, but in reality 

these Psychodidae, belonging to the genus Phlebo- 

tomus, form the bulk of those annoying insects 

which are known as ‘‘ Sand-flies ” and _univer- 

ra ACT 7 mn airy of ley tape COI 
ree BENGALENSIS, the Punjab and Bomba See es 

y, and they are also 


widely distributed thr 
ough South India (N. 
Annandale). The females alone bite. Their small size gives th | 
advantage over Mosquitos, since they are able to walk MA ae 
nary mosquito-net without difficulty. | : 
of attack, and the flies will eve eti 
, ick, n sometimes crawl under th 
| he bed-clothe 
in their ve o blood. TI find their bite peculiarly irritating an 
more | | | | 
so than that of the common mosquito (Culex fatigans), and it 


hrough an ordi- 
The ankles are a favourite point 
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produces a small red swelling which may persist for some days. They 


are very partial to babies. 


Fig. 357—-PUPA OF PsYCHODA 
BENGALENSIS, BRU. PUSA. 


clasping-apparatus of the 
abdomen being with- 
out any such conspl- 
cuous structures and 
comparatively simple. 
Copulation generally 
seems to take place at 
night. The eggs are 
laid singly or insmall 
clusters, and number 
from about 30—80 in 
different species ob- 
served. The larve are 
found in damp earth, 
and are very curious ; 
they have a large 
well-marked head with 
big jaws; the body 


I have hitherto found a mixture of some 
kerosene with Hazeline or Lanoline cream, 
the only really good preventive, but moder- 
ately thin socks will protect the ankles. 
The flies are found in much the same locali- 
ties as other Psychodids, especially in bath- 
rooms (generally in shady corners near the 
floor), in latrines, under piles of damp 
bricks or stones, and in similar damp shady 
places during the day. They are fond of 
hiding behind shutters on the verandah, 
and at night they emerge from their seclu- 
sion to bite. They differ from other Psycho- 
dids in their attitude, the wings being car- 
ried divergent, pointing backwards and 
upwards (fig. 358). The sexes are distin- 
guished by the large and complex genital 


male (fig. 359), the termination of the female 


Fig. 358—STAGES OF PHLEBOTOMUS. 
ALL xX ABOUT 25. 


is covered with toothed spines, perhaps as a_ protection from enemies 
(similar spines also occur in some other Psychodid larve), and the 
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ished with some processes and 


; y is fur 
roste » end of the body 18 
posterior e1 n larva are as long as the 


i Be -full-gro 
istles, two pairs of which in the fu 
ree : The pupa, found on the damp earth, 1s also 


and head together. 
eeech : ges and excrescences on the thorax. The 


remarkable for the large rid 


» 
be z a a 


Fig. 359—MALE GENITAL CLASPERS OF PHLEBOTOMUS. 
FROM A PHOTOMICROGRAPH. 


egg, larva, pupa, and imago are shown in fig. 358. The length of the 
life-history varies from a month in the hot weather to six to eight weeks 
or more in the winter at Pusa. Real hibernation has not yet been 
observed. The eggs are laid usually in wet and dirty places, and hatch 
in about six days. The larve feed on semi-decaying vegetable 
matter for a fortnight or three weeks, and then pupate, the fly 
emerging from the pupa in about six to ten days. Some half a 
dozen species of the genus are known from India 7 at least two of 


these seem to be found almost all over the country, but others are more 
restricted in their range. 


CHIRONOMIDA. Gnats, Midges. 
Small mosquito-like flies. Antenne plumose in the male 
absent. Proboscis short.’ | | 
Culicide. Costa reaching o 
These flies are very easily confused with mosquitos, but with the 
exception of one group of genera mentioned below nee are entirely 


. Ocelli_ generally 
Wings often hairy but not scaled as in 
nly to tip of wing. 
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inoffensive creatures. They are readily distinguished from the Culicide 
by their short proboscis and the absence of scales. In the Mosquitos 
the hind edge of the wing is fringed with little scales and bordered by the 
costal vein, while in the Midges there are no scales (though the wing 
may be hairy), and the costa stops short at the tip. In the Chironomids 
the veins in the front part of the wing are often much more strongly 
marked than those behind, just as in the Simuliids, Bibionids, Stratio- 
myids, Hippoboscids, and Phorids. In their resting attitude they often 
raise the fore-legs and hold them up in front of the head, while in Mos- 
quitos it is the hind legs which are raised from the ground. They are 
very frequently observed dancing in small swarms in the still evening 
air. 

A species of ** Ceratopogon ’’ has been observed at Pusa to settle in 
a thick swarm of several hundred individuals on the underside of four 
or five leaves of a Pipal tree, remaining there for four days in spite of a 
heavy shower of rain. Some of them which were caught and kept soon 
began pairing, and it is not improbable that all such curious assemblies, 
as well as aérial dances, have some connection with the sexual relations 
of the insects which take part in them. 

The sexes can, as a rule, be at once distinguished by the antenna, 
which are thickly plumose and feathery in the males but not in the 
females. The male genital claspers can also be easily seen in most 
cases. 

With the exception of the Ceratopogonine, some of which are blood- 
suckers, the Chironomide are of little practical importance. To the 
biologist, however, they afford very suitable objects for study, and a 
good deal of work has been done on their anatomy and development. 
They are nearly all aquatic. All stages of Chironomus and allied genera 
may be found in tanks and pools of stagnant water. Their eggs are in 
many cases laid in beautiful little spiral strings, enclosed in a long 
cylinder of clear antiseptic jelly which is anchored to weeds or stones. 
The eggs may be very numerous, one of these cylinders sometimes con- 
taining nearly 1000. I have observed a small Chironomus make the 
curious mistake of laying its eggs on a pane of glass instead of in water. 
The jelly cylinder when extruded formed only a quite thin covering to 
the string of eggs, but when the string was removed from the glass and 


placed in water, the jelly rapidly expanded to form the usual thick 
IL 36 
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protecting envelope The stages of a common [Indian Chironomid are 
sa ; ; 
shown on Plate LX, figs. 3, 34; Bb, 3e. 
The larvee are worm-shaped, with characteristic leg-like processes 


; r <a , 1 
on the first and last segments, and swim with a lashing motion. They 


are sometimes red (the ~ blood- 
worms’’ of the British water-butt) 
and have gills and real red blood like 
fish (their tracheal system being then 
merely rudimentary), or they may be 
ereenish and breathe in the ordinary 
way by well developed tracheal tubes. 
Sometimes the larve live free, but 
more usually they inhabit burrows 
in the mud or live in little tubes con- 
structed of bits of alge or similar 


substances. They have occasionally 
been found living at great depths. Fig. 360— CRRA TQROGON SE. 
. NAsiK= Soy 

The pupe are active, and are fur- 
nished with tufted gills instead of the breathing-horns usually 
found in aquatic pup. They generally occupy the larval tubes, 
where they lie gently undulating the 
abdomen so as to create a current of 
fresh water through the tube. When 
the fly is ready to emerge, the pupa 
leaves its shelter and swims to the 
rain TNS surface, whereupon the imago escapes 

ie from the pupal skin in the same way 
as a mosquito. 


The sub-family Ceratopogonine is 
of interest, as it comprises a number 
of species which are blood-suckers, 
some of them of a very determined 
nature. Here belong those ‘‘ midges ”’ 
which in England, and especially in 
Scotland, often cause by their Penile ee 
an annoyance out of all proportion to 
the minute size of the blood-thirsty 


Fig. 36l—CERATOPOGON gp 
PusA. x 94, 
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little flies. They are seldom more than 3 mm. long, of a rather thicker 
build than other Chironomids, and their small size often enables them to 
escape unnoticed ; fig. 361 represents a species which is known to bite at 
Pusa. As with several biting flies, the state of the weather and con- 
ditions of temperature and moisture seem to have some influence on 
their appetite for blood, and in Europe they are supposed to bite most 
freely before rain. 

The mode of life of the Ceratopogonine is somewhat different 
from that of other Chironomids. 

The eggs are not laid in strings, but singly or in small clusters, gener- 
ally about 30—60 eggs in all. There are two distinct types of larve. 
One kind is aquatic, snake-like and transparent, and _ lives on the 
surface of stagnant water or in slow streams. Assisted by a tuft of 
long bristles at the tail end, they move rapidly with a wriggling motion 
along the surface and in the water, and develop into dark coloured 
inactive floating pup with breathing-horns on the thorax. These aquatic 
larvee are said generally to mature into flies with naked wings, but 
they do not always do so. | 

A second and commoner type of Ceratopogonine larva, which is 
supposed to produce, as a rule, hairy-winged flies, is terrestrial, living in 


Fico 362.—TERRESTRIAL LARVA AND PUPA OF CERATOPOGON SP. 
mS Pusa. THE LARVAL SKIN IS STILL ATTACHED TO THE HIND END 
OF THE PUPA. 
rotten vegetable stuff, under damp bark and similar places. They are 
caterpillar-like in shape, and have a double foot-like process on the Ist 


thoracic segment, with a somewhat similar structure on the anal seg- 
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ment, which assist 1m locomotion. The body ee covered with 
or papille, each usually bearing a bristle at 
the apex, these bristles being often curiously shaped and expanded i 
the tip. The pups are quite distinct in appearance from those of the 
and are often found with the last larval skin 


numerous small processes 


aquatic species (fig. 362), 
still enveloping the hinder part of the body. 
About a thousand species of Chironomide are known, but of these 


only four are recorded as Indian, vz.‘ Chironomus vicar, Wik; 
C. socius, Wlk., C. cubiculorum, Dol., and Macropeza gibbosa, Wied. ; 
this of course in no way represents the very large number of Indian 
species which really exist, for of these there must be hundreds. 

The following table of the chief sub-families is abridged from that 


given by Kieffer -— 
1. Media and cubitus united by a cross vein ...... Tanypine. 
Media and cubitus united only at the base .........- 2 


2. Thorax humped over the head. Male antenne 
with last joint as long or longer than all the pre- 
ceding joints. Media single (except Coryoneura), 
legs and tarsi long and slender ........ .. Chirono- 
Mine. 
3. Thorax not humped over the head. The last 
antennal joint never longer than the two preced- 
ing. The last 5 joints usually of different 
shape from the others. Media generally forked, 
legs and tarsi comparatively stout (except 
MOO ROMS ods is Xa oe Od, a ee Ceratopo- 
gonine. 
CuLicIDa. 
pig ae bi oe the wings and body scaly, long legs 
| rovoscis, and well-developed lpi 
fake yo ped palyr. Antenne long, feathery 
M it iF 
osquitos are of course familiar to everyone, and are easy to dis- 


ea ee He oy me wings and long proboscis. No other flies except 
sychodiag@ Nave scales on their oi 
Psychodids, ngs, and the 


Chironomide 


as well as thei short proboscis of the 
‘ their general appearance, is quite distinctive. 


, which are much like mosquitos, have 


boscis, not got a long pro- 
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The scales on the wings, head, and body have frequently character- 
istic shapes in the different species and genera, and are therefore used 
in classification. 


Fig. 363— PROBOSCIS OF FEMALE ANOPHELES (AFTER NUTTALL AND SHIPLEY). 
LR. LABRUM. MN. MANDIBLES. HP. HYPOPHARYNX. MX. MAXIDLLA. 
LI. LABIUM. LA. LABELLA. P. PALPI. 


As is well known, female mosquitos are blood-suckers, and their 
proboscis is modified for the purpose (Fig. 363). It consists of a gutter- 
shaped lower lip (Labium) roofed in by the upper lip (Labrum) so as to 
form a complete tube, a sheath and support for the inner parts. These 
consist of a rather flattened blade-like ‘‘ hypopharynx’’ and four 
sharp serrated needles (the two mandibles and maxille), and it is these 
inner parts which do the actual work of piercing and sucking. If a 
mosquito be carefully watched while biting, it will be seen to begin by 
planting the tip of the proboscis on the skin. The tip bears two slightly 
swollen lobes (the labella), and when it is pressed against the skin these 
lobes spread out on each side, like a man’s hands when he leans on a table, 
so as to give support and steadiness to the proboscis. As the inner 
needle-like structures are pushed further into the skin between the two 
steadying lobes, the latter maintain their position at the surface, and in 
consequence the outer sheath (labium) of the proboscis does not really 
pierce the skin at all, but can be seen to bend elbow-like so as to allow 
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the labrum and piercing needles to be inserted to a satisfactory depth. 
tating saliva into the wound, possibly in 


The insect injects an 1rrl 
| inflammation and so to draw a more 


order to produce a little loca 


plentiful blood-supply to the spot. 5 ¢ 
‘n the thorax through a minute canal inside the hy- 


serves, by closing up the under 


This saliva passes down from 


the salivary glands 
popharynx, and the hypopharynx also 
side of the labrum, to form a tube up which the blood is sucked by the 
pumping action of the front part of the throat. Very soon after feeding 
the mosquito ejects through the anus a clear yellowish liquid, which 1s 
the fluid portion of the blood. 

The more solid matter remains in the stomach and 1s completely 
digested in one to four days, when the insect is ready to suck again. As 


Uxe. 


E “| es 
sal 


Fig nel imma Ponncener AND SHIPLEY) TRANSVERSE SECTIONS OF MOSQUITO'S 
copia : XE. LABRUM. MN. MANDIBLE. MX. MAXILLA. HP. HYPOPHARYNX. 
SAL. SALIVARY DUCT. THE LARGE SHBATH (DOTTED) IS THE LABIUM. THE 


RIGHT HAND FIGURE REPRESENTS 
| , REPRESENTS THE MALE I yt 
MANDIBLES. (COMPARE TABANID&.) ae as Sea ey oe 


- ee wath all blood-sucking flies, a meal of blood seems 
ea " - uction of eggs, and in some cases is perhaps even a 
oe 
eae yk ne Juices of plants and fruit. 

ne a ee together in the course of the aerial dances 
in which they often indulge, and the actual copulation isin general ver 
short. The males are easily distinguished from the fea by me 
-like aba rcs es es ay Crea TD 
of a lens. The female lays her e es mee pny 
are generally stuck together to pans ae sia ies Sa 
masses, while the Anopheling ne orm t 1e well-known little raft-like 

’ singly, as also does Stegomyia, 


a Culicine. 8 : 
Shape among the different 


more bushy antenne 
include two hook 


theirs 
ves vary 
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species, and are often furnished with small floats to keep them at the 
surface. Several lots of eggs may be laid by the same female. The 
larve emerge from the under side of the eggs and thus go directly into the 
water. They have a very distinct head and thorax, the head usually 
bearing eyes. The jaws are provided with a thick fringe of hairs, and 
their continual motion sweeps towards the mouth the little particles of 
vegetable or animal matter on which the larve feed. Some species are 
cannibals : these have specially modified jaws to fit the habit, and will 
often attack and consume Chironomid larve considerably larger than 
themselves. The abdomen is composed of nine segments; the eighth 
bears gill-processes and the ninth is prolonged upwards in Culicines into 
a ‘‘siphon’’ or breathing-tube, at whose summit the two big longitu- 
dinal trachee open. The end of the tube is surrounded by a fringe of 
fine hairs, and when these are expanded on the surface of the water, they 
prevent the tube from sinking and the opening of the trachee from being 
submerged. The Culicine larva spends a considerable part of its life 
thus suspended by its siphon-fringe to the surface-film of the water, but 
if itis frightened or wishes to feed at the bottom, it can shut up the fringe 
hke an inverted umbrella, and its own weight then causes it to sink. It 
can swim rapidly with a quick wriggling motion, the many hairs and 
bristles about the tail acting as a kind of fin. 


The larvee are of two types, those of the Culicine type just described 
being easily distinguished from Anopheline 
larvee by their characteristic attitude when 
resting, as is also the case with the adult 
mosquitos of these two groups. The Culicine 
larva is supported in the water only by the 
siphon-fringe, while its head and body hang 
down ; the siphon of the Anopheline larva 
is extremely short, and it possesses in addi- 
tion a series of branched or tufted hairs 
(‘‘ stellate hairs’’) along the body. The 
hairs are shaped rather like little palm-trees, 


and their branches resting on the surface- 
film of the water support the larva whose 
Vie, 365-—Posttt0N or currcrne body in consequence does not hang down, 


LARVA AT THE SURFACE. ‘ ‘ oR ae ; 
(After Giles) x 5. but lies along horizontally just below the 
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lighter than those of Culex, and 
so that they are forced 


surface. The larvae seem to be 
their own weight is not sufficient to sink them, 


Fig. 366 —ANOPHELES LARVA RESTING AT THE SURFACE, PARTLY SUSPENDED BY ITS PALMATE HAIRS, MUCH ENLs 
(After Imms.) 

to swim when they wish to leave the surface. Unlike the Culex 
larvee, they rarely seek the bottom except when frightened. They 
have the curious habit of often feeding with the head turned completely 
round on the neck, so that what looks as if it were the top of the head is 
really the under side. While the Culicine larva thus hangs in the 
water head downwards, the adult Culex mosquito has the body roughly 
horizontal when at rest, the 
thorax being the highest point, 
while the Anopheles mosquito 
(whose larva lies horizontal) sits 
with the head, thorax, and ab- 
domen in one straight line, the 
head down and the tail up, aS in 
Hig. 368. (NB The female 
Myzomyia culicifacies, an Anop- 
heline, sits like a Culex.) When 
the larvee pupate, which they do 
after two or three moults, the 
whole elaborate breathing appar- 
atus at the tail end disappears, and 
its place is taken by two trumpet- 
PAS spiracles projecting from 
the thorax which supply a; 
the trachee when ae ee 


Fic. 367— 

&- X0/—HEAD AND THORAX OF AN 
ce é AX OF AN 
pupa is ANOPHELINE LARVA x about 16. 

(After James and Liston.) 


. at baagloas yggs | 


: a ae od EN ieee = 
qoiehy) Qo. 


SW Baloat 


Aeiye 


»- 
»*. 
PLATE LX.—Nemocera. 
Fig. 1. Pselliophora laeta. x 2, 
5 2 Cecrdomyia sp. (Cecidomyiide). x 10. 
Es 
2a. 1 * Me 
is Larva and pupa. x 12. 
2b. 5 ise 
» 9 Chironomus sp: (Chironomide). x 8. 
» 93a. String of eggs enclosed in jelly. x 3. # 
3 3b. | 
awe: jiarve and pupa. x 5, | 
», 4. Myzomyia (Anopheles) Rossii, Giles, x 5, 
» oO  Stegomyia scutellaris, Wik. x 5. 
» 6. Culex fatigans, Wd. x 5. 
Wigures 4, 5, and 6 are copied ‘from Theobald’s “Monograph of the 
Culrcide, ” 
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floating at the surface. The pupa itself is shaped like a comma (>)5an 
swollen rounded mass containing the head, thorax, legs and wings, with 
the abdomen curved round underneath. The tail is furnished with fins or 
paddles like those on the tail of a lobster, and by means of these the pupa 
can swim downwards very quickly when disturbed. It is lighter than 
water, and floats at once to the surface unless it continues to work its 
tail-paddles. There are no very marked differences between Anopheline 


Culex 


<—~ 


Qi ophel es 


Fig. 368--USUAL KESTING ATTITUDE OF ‘‘ ANOPHELINES” AND ‘* CULICINES.” 
(After Manson.) 

and Culicine pupe, but the resting position is usually not quite the same, 
the Culex” pupa often floating with the head higher and the first few 
segments of the abdomen more nearly vertical than in the pupz of Ano- 
phelines. The structure of the spiracular trumpets is also rather differ- 
ent in the various species, and the aperture is more slit-lhke in Culex 
than in Anophelines. When the adult mosquito is ready to emerge, the 
pupa straightens out and lies flat along the surface, the empty skin 
forming a convenient raft for the mosquito to stand on while its wings 
and body dry and harden. 


The habits of Indian Culicide are various, some being ‘‘ domestic ”’ 
species frequenting houses, while others are found only in jungle and 
other such places. Their seasonal distribution is an important subject 
on which information is much needed, since every locality appears to 
have a more or less well-marked yearly cycle of species, different 
mosquitos being common in the cold weather, hot weather, and rains. 


The reason why the study of tue habits of Culicide is so important 
lies of course in the great discovery that it is through their bites that 
Malaria and Filariasis, with some other diseases, are transmitted 
from man to man. Though it is possible that other factors may also be 
of importance there is now no doubt that malaria, the real curse of 


India, 1s thus transmitted. Those interested in the question of the 
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; ee -y should consult 
influence of malaria on the ‘inhabitants of a country shou 


‘* Malaria ’’ by Jones, Ross, and Ellett. 


Fig. 369—A. TAIL OF PUPA OF FEMALE ANOPHELES, B. OF MALE. 
(After Nuttall and Shipley.) 

The malaria infection by mosquito-bite occurs roughly as follows. 
Suppose a man is suffering from the disease : if a drop of his blood be 
examined under a microscope, there may be found floating about in it a 
number of minute objects called ‘‘ Crescents.’’ (Fig. 370. C). Now, 
suppose a mosquito bites him: it will suck up with the blood some of 
these crescents ; these will be swallowed by the mosquito, and when they 
reach the insect’s stomach they become round in shape, some of them 
producing long rapidly-moving arms or filaments from their surface. 
Of these round-shaped bodies the ones with filaments (Fig. 370. M.), 
represent males, the others females. Some of the lashing filaments 
cae off, ee may plerce and become absorbed in one of the female 

odies : this " ih : . : 

odes ; Beer fertilized female body imbeds itself in the muscles 
surrounding ‘ . . : 

ee aa ee. S stomach, where on dissection it can be seen 
stick out like a little 1 “1: : 
vat eee e round pimple. There now develop within it a 

: very min 1 : : 

| on : ute spindle-shaped ‘“ sporozoites : ’’ the wall of 
the containing female cell then b 
ursts, and these sporozoites are liberated 

he body P rate 
into the body of the mosquito, whe 
> Whereupon they make their way to the 


a: Siete, 7: . glands. If now the mosquito bites any- 
, § e Injected into the wound, as already described and 


thorax and enter the salivary 
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with this saliva will pass some of the sporozoites, which will thus be 
introduced into the blood of the person bitten. Once there, they enter 


Fig 370.—Diagram showing the two ways in which the malaria parasite multiplies. B 
shows the asexunl cycle in the blood-corpuscles of man. On the left side are shown 
crescents (at C) being sucked up by a mosquito. These develop into male and female 
(at M) in the mosquito’s stomach (shaded black). The fertilised female encysts on 
the stomach-wall, and from her burst forth a family of sporozoites (at 8) which 
settle in the mosquito’s salivary gland (shown by the large ar:ow). If the mosquito 
now bites someone else, these sporozoites, injected with its saliva, infect the blood- 
corpuscles of the person bitten. Here they grow, and while some pursue the cycle B, 
some may become crescents and be sucked up by another mosquito, to go through 
the sexual cycle in its body. 
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terior they slowly absorb, and whee 


the blood-corpuscles, whose 1n , 
:; sh lot of minute bodies 


i agal or fre 
grown they either break up again to form a : : te 
lot of blood-corpuscles (this breaking up being 


‘rigor ’’ stage of the disease), or else they 
float about free in the blood: these 


which will enter a fresh 
the cause of the shivering or 
develop into crescents which 
crescents may of course be sucked up by another mosquito and the cycle 
carried through again. Thus we see that the parasite multiphes in two 
ways ; sexually in the mosquito, and asexually (by simply splitting up 
into small fragments) in our blood. 

It is not all mosquitos which are capable of harbouring the malaria 
parasite and allowing it to develop in their stomachs, but only some of 
those belonging to the Anopheline. Manson (‘‘ Tropical Diseases ’’) 
enumerates eleven Indian species as having (up to 1907) been shown to 
be probable carriers of the parasite, and these belong to the genera 
Myzomyia, Pyretophorus, Myzorhynchus, and Nyssorhynchus, all of 
which are really sub-genera of the old genus ‘‘ Anopheles.’’ Myzomyia 
Rossi, the commonest Indian Anopheline, but not a malaria-carrier, 
is figured on Pl. LX, fig. 4, where are also shown two other mosquitos 
both important Culicines. One is Stegomyia fasciata, which with S. 
scutellaris is not uncommon in India, the latter species being abundant. 
S. fasciata is the recognised transmitter of yellow fever, and is 
suspected with regard to several diseases, while Culex fatigans (Pl. LX, 
fig. 6) is the commonest Indian brown Culicine mosquito, and is 


known to carry the parasite which causes elephantiasis 


| (filariasis) so 
prevalent in Southern India. 


| It is clear that to avoid whenever possible the bites of all mosquitos 
1s a sensible and obvious precaution. 


It is not only unpl 
stupid to si y unpleasant but 


! eep without a mosquito-net in malarial districts 
quitos ave present. A net with a hole in it is | 
quito-net is available, as in railway carria 
nella (Lemon-grass) oil rubbed on the 
effective for four or five hours unless th 
it more quickly loses its efficacy. 
are effective but unpleasant. 


where mos- 
useless. When no mos- 
ges, a small quantity of Citro- 
exposed parts of the body is 
‘ e user is perspiring freely, when 
Turpentine or kerosene ointment 


For destroying mosquitos, 


the rem 
Por edy usually 
application of kerosene to the ‘ ; 


advocated is the 
Surface 


of the water in which thev 
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breed, so as to choke the trachez of the larve and so suffocate them. 
Indian conditions often render this a difficult or impossible method to 
carry out, and the stocking of all suitable waters with such fish as will 
eat the larvee (of these there are several in India) has been recommended 
as likely to be beneficial. In jungle districts nothing can be done without 
clearing and draining. The value of quinine is well known, and the 
screening of infected persons from mosquitos is obviously indicated asa 
preventive measure against spreading malaria. The mosquitos found 
in houses are mainly nocturnal in their habits, and may often be seen in 
the early morning trooping into the house in search of dark corners 
where they can shelter themselves from the light until evening. Lefroy’s 
mosquito-trap takes advantage of this habit by providing a 
convenient dark box for the mosquitos to rest in: when they have settled 
down for the day the box is closed and a few drops of benzene or 
chloroform introduced through a cork-hole in the top. The dead insects 
are afterwards removed and the box left open till next day. 


Much has been written on the subject of mosquitos and disease. 
The student is referred to Manson’s ‘‘ Tropical Diseases,’’ Blanchard’s 
‘* Les Moustiques,’’ Stephens and Christophers ’ ‘‘ Practical Study of 
Malaria,’’ Daniel’s ** Laboratory Studies,’’ and Giles’ ‘‘ Mosquitoes ”’ 
(2nd KEd.). For the distinction of species James and _ Liston’s 
‘* Anopheles of India ’’ and Theobald’s ‘‘ Monograph of the Culicide’’ 
and Genera Insectorum ‘‘ Culicide.’’ The Journal of the Bombay 
Nat. Hist. Society and the ‘‘ Journal of Hygiene’’ (articles by Liston 
and others, and by Nuttall and Shipley, Rogers, Imms and others) 
should be consulted, as well as the large medical literature. The direct 
identification of the species will sometimes be found easier than the ordi- 
nary method of determining the genus first and the species afterwards, 
since the genera of Culicide are frequently established on minute scale 
characters which are sometimes more difficult to see than the characters 
which separate the species. 

The two main Indian sub-families Anopheline and Culicine, the 
latter including Culex and Stegomyia as chief genera (Stegomyias are 
generally recognizable by their being coloured black with silver lines 
and spots and by the characteristic feel of their bite), have the meta- 
notum without hairs or scales. The male palpi are long in both groups, 
the female palpi long in Anopheline, short in Culicine. 
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; Te ‘Mheobald’s gene 
| include a list of Theobalas g , Ree 
The genera down to and including Aldrichia 

» gene 


: cer | ] a 
of James and Liston: Corethra 18 an 


with the species in each. 


‘ sy (Oe 3° 
represent the ‘*‘ Ano phele 8 


; Wl scales on the wings, 
aberrant genus with no scales 0 g 


remarkable transparent aquatic larva ( 


DIPTERA. 


ra now known to me as Indian, 


a short proboscis and a 
(see Miall’s ‘‘ Aquatic Insects’ ’). 


Le I ioe a eg 
It is often separated as a distinct family Corethride. 


Anopheles aitkeni, J. & dbs 
immaculatus, Th. 
gigasi, Giles. 

,  lindsayii, Giles. | 
Myzomyia culicifacies, Giles. 
| christophersi, Th. 
Turkhudi, Liston. 

a leptomeres Th. 

- Rossii, Giles. 
Stethomyia culiciformas, J. & L. 
Pyretophorus jeyporensis, James. 


9? 
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> 
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ns nigrofasciatus, Th. 
o Nurse, Th. 
$3 elegans, James. 


Myzorhynchus nigerrimus, Giles. 

“ barbirostris, V. D. W. 
minutus, Th. 

- vanus. Wk. 

e alboteniatus, Th. 
Nyssorhynchus Stephensi, Liston. 


- Theobaldi, Giles. 

s Indiensis, Th. 

s Willmori, James. | 
3 Karwari, James. | 
- Jamesii, Th. 

os maculatus, Th. 


a fuliginosus,Giles. 
Cellia pulcherrima, Th. 
5, albimana, Wied. 
Neocellia Dudgeonii, Th. 
;,  mtermedia, Rothwell, 
»  wmdica, Th. 
Aldrichia error, Th. 
Toxorhynchites immisericors. Wk. 
Mucidus scatophagoides, Th. 
Desvoidea obturbans, Wk. 


" = var. fusca. Th. 
5  panalectros, Giles. 


Stegomyia fasciata, Fabr. 


Stegomyia fasciata var. mosquito, 


scutellaris, Wlik 
i pipersalata, Giles. 


s periskelata, Giles. 
bi tripunctata, Th. 
vs Thomson, Th. 

sf Assamensis, Th. 
ey W-alba, Th. 


y, albolateralis, Th. 

(2 microptera) Giles. 
Leicesteria ayicalis, Th. 
Huleceteomyia pseudoteniata, Giles. 
Phagomyia gubernatoris, Giles. 
Neomacleaya indica, Th. 
Lepidotomyia magna, Th. 
Reedomyia niveoscutata, Th. 
Pecomyia maculata, Th. 
Pseudotheobaldia niveitarsis, Th. 

ie niveiteniata, Th. 
Theobaldia spathipalpis, Rond. 
Theobaldia annulata, Schrank. 
Grabhamia ochracea, Th. 
Culicada minuta, Th. 
Culex mimeticus, Noe. 

>, mucroannulatus, Th. 

> Vishnu, Th. 
impellens, Wk. 

» mnimus, Th. 

+  viridiventer, Giles. 
», pulchreventer, Giles. 
> nogripes, Zett. 

33 concolor, R. 1). 

5,  fatigans, Wied. 

>, furcanus, Wied. 

>,  sitiens, Wied. 

>» angulatus, Giles. 

>> tipuliformis, Th. 
>» albolineatus, Giles. 


3) 
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Culex biroi, Th. — Skusea mediofasciata, Th. 
» pallidothorax, Th. _ Aédes nigrescens, Th. 
,, pallidostriatus, Th. | Aédeomyia squamipenna, Arrib. 
» trimaculatus, Th. — Amisochele eomyta alboannulata, Th. 
,, christophersi, Th. — Ficalbia minima, Th. 
albopicta, ihe — Mimomyia minuta, Th. 

Leucoms yra gelida, Th. — Banksiella luteolateralis, Th. 
Teniorhynchus pygmeus, Th. Chrysoconops brevicellulus, Th. 
‘ ager, Th. Brevirhynchus magnus, Th. 

a -tenax, Th. Radioculex clavipalpus, Th. 
Mansonia uniformes, Th. Corethra asiatica, Giles. 


Mansonioides annulifera, Th. 


We may class these genera under four main sub-families as shown 
below. For further details and generic characters the student is referred 
to Theobald’s Monograph. 


A. With long proboscis and scaly wings. 
(a) Larve without siphon. Palpi long in both 
sexes i e .. Anopheline. 


(b) Larvee with siphon. 
1. Proboscis much curved. Very large 
species se .. TLoxorhynchine. 
(One Indian genus, Toxorhynchites.) 
2. Proboscis straight or very little curved. 
Palpi short in both sexes Aédine. 
(includes Indian genera 
Aédes, Aédeomyia, Mimo- 
myia, Anisocheleomyia, 


Ficalbia.) 
- Palpi short in the female, long in 
the male = .. Culhcine. 
B. With short proboscis and hairy wings .. Corethrine. 


Fig. 371—LARVA OF CORETHRA x 8. 
(After Meinert.) 
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DIXID4. 


cance of Mosquitos, but with 
Flies having the general appearance of q 


different venation (Pl. LIX). 
of the Simuliide and Orphnephilide, the members of 
this family are very widely distributed, but all belong to one genus, in 
this case Diza. They may be regarded as forming a connecting link 
between the Mosquitos (Culicids) and the Daddy-long-legs (Tipulids). 
The larve live in still or running water. They are of no economic 
importance. None are as yet recorded from India, but we have 
found larve in a hill-stream at Simla in company with Simulid 


As in the case 


larvee. 


BLEPHsRUCERID ZA. 


Small gnat-like bare flies, the wings often iridescent with a secondary set 
of creases in addition to the ordinary venation which is variable. 
There is no discal cell. The eyes usually separate and divided into 
two distinct halves, upper and lower. 


These curious little flies are found in hilly or mountainous regions, 
since here alone are found the swift clear streams in which the larve and 
pupz live. The eggs are unknown. The 
larvee are remarkably adapted to life in 
shallow quick running water, being much 
flattened and provided with suckers, 
which enable them to cling like limpets to 
rocks and stones over which the water 
flows. The pupe, of a shape similar to 


that of the larve, are also as a rule 


entirely submerged, and here we see the 
reason for the curious creasing of the 
adult fly’s wings. The fly emerges from 
the pupa under water ; anchored to the 
pupa skin by its long hind legs it 
reaches up until its body is at the surface, Oak ae 


ROCERID LARVA (AFTER MUL- 
and then after a second or two in a ARE 


this dangerous position 


it its wi 
Spreads its wings and flies away. In 
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most other flies the wings when first drawn out of the pupa skin are small 
and flabby, and have to be ‘‘ pumped up ”’ like a bicycle tyre before 


Fig. 373-—-WING AND ANTENNA OF HAMMA- 


TORHINA BELLA. CEYLON. 
(After Kellogg.) 


they are fit for flight, but 
with the Blepharocerids the 
wings, owing to their being 
folded in the pupa, are ready 
for instant use when with- 
drawn, thus saving the fly 
from being washed away help- 
less in the stream. 


The division of the eyes 
is a marked feature, and 


results in a type of eye curiously like that found in some male 


May-flies. Owing to lack of 


flies the use of these pecu- 
liar eyes is uncertain. The 
females are thought to be 
predaceous, and the males pro- 
bably suck honey from flowers, 
but of no species is the full life- 
history known. The family 
is fully treated of in Genera 
Insectorum (Fasc. 56) by 
Kellogg, and we have copied 
his figure of the wing and male 
antenna of Hammatorhina 
bella, the only species hitherto 
recorded from Asia (Ceylon). 
Though owing to the larval 
habits it is unlikely that the 
flies occur in the plains of India, 


knowledge of the habits of the 


) 


Fig. 874—A BLEPHAROCERID. SIMLA. X 3. 


there is no reason why a careful search in any part of the hills where 


there are waterfalls should not reveal several new species of these 


rare and curious little insects; I have already taken one male (genus 


Aypistomyia) sucking the flowers of Composite at Simla, and a 


female of a different species in the grass bordering a little mountain 


torrent. 
IIL 
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TIPULID. 

Ojten large thin flies with long fragile 
shaped groove on the rounded thorax, 
costal vein goes all round the wong. 


‘* Daddy long-legs ’’ or ¢ ‘rane-flies. 
legs. There as nearly always @ V- 
and a discal cell present. The 
Antenne 6—19, palpi 4-5 joints. 

t of a small mosquito to flies 

le they may be easily 

d by their legs breaking 


The Crane-flies vary in size from tha 
having a wing-spread of 3-4 inches. As a Tu 
recognised by the V-shaped thoracic suture, an 
off when they are caught, the latter peculiarity making it rather diffi- 
cult to get perfect specimens. As is shown in the figure, the venation 
is complete, /.e., it has suffered but little of that coalescence and reduction 
in the number of veins which 1s met with in some of the more 
specialized families such as the Cecidomyiids or the Muscids (e.g., the 
House-fly). 

This is one of the reasons why these flies (especially that section of 
them called Limnobiine, some of whose larve are caterpillar-like in 
appearance and habits) are often considered to be among the most old- 
fashioned and conservative of Diptera, departing comparatively little 
from the primitive type. They are frequently found in amber, together 
with other flies of which the great majority belong to the division 
Nemocera. As a rule the Tipulids are dull brown, blackish or yellowish 
in colour, and one or two European species are wingless. 


The sexes are very easily distinguished, the male having the tip of 
the abdomen bluntly swollen and provided with a complex armament 


of claspers, while the horny sheath of the female ovipositor is long and 
tapering. 


The eggs are generally cylindrical, sometimes a_ little tapering at 
the ends, and dark in colour. The females may sometimes be seen at 
dusk in damp grassy places flying up and down among the nee ina 
curiously crazy and aimless fashion. Tf they are mete aoe how- 
ever, it will be seen that every now and. then Bess lon shee 
ovipositor comes in contact with the ground, an a is | ea ne 

d ; : 


looked lke weakness of j 

Ss intellect turns o b he m 
ut to 
important actin the insect’s life ° a 


surroundings, in wet earth, under 
>) 
possess long tubes 


The larve live as a rule in damp 


bark, or in putrid water, and some 


fror i 
n the tail-end so that they can breathe while 
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feeding under water. The more usual type of tail is blunt, with the 
openings (spiracles) of the trachea surrounded by a ring of stumpy 
processes. They feed usually on decaying vegetable stuff, and are very 
often found in the mess which accumulates in hollow trees. The pupz 
look not unlike those of Butterflies or Moths. They have the legs 
straight, and have breathing horns or tubes at the front end, and 
usually bristles or spines on the abdomen, which enable the pupa 
to work its way free when the insect isabout to emerge. They are found 
in or near the place where the larve lived, in mud, sand, earth, or 
decaying leaf-mould. 


In Europe the larvae of Tipulids often cause great damage to 
grass lands, living just under the surface and eating the roots of the erass. 
Enough is not yet known of the Indian forms, however, to say whether 
or not they are of economic importance in this or any other respect, 
though it is unlikely that in the dry conditions of the plains they 
occur in sufficient numbers to do much damage, except possibly 
on large grass lawns kept well watered throughout the year. 
They are not very common in the dry plains, but abound in the moister 
country of the hills. Pl. LX, fig. 1, represents a strikingly-coloured 
species apparently widely spread over India. 


More than a thousand species are known, but only twenty-six have 
till lately been recorded from India, nearly all of them from the hulls. 
Van der Wulp lists 16, and the remaining 10 were described by De 
Meijere. Brunetti has, however, recently described a number of addi- 
tional species (Indian Museum Records). No habits or life-histories 
seem to have been studied at all. The three main divisions of the 
family are as follows :— 


A. Distinct V-shaped suture on the thorax. 


1. Last joint of palpi shorter or very little longer than 
combined length of preceding joints. Antenne 


ee STL pie earn, Qt aN es Limnobiine. 


2. Last joint much longer than this. Antenne not more 
Pee EMM ONE te he Wig pcci she sys. vn nek DPUINGE 


B. No distinct V-mark on the thorax. ........ Ptychopterina. 


IPTERA. 


a (RCIDOMYIIDE. 


; vt], 8 hair on 
Minute delicate flies. Antenne long, generally with whorls of 


the joints, especially inthe male. Legs long and slender , libve who 

8 nurs - cox not elongated. Wings broad, rather hairy, with veins few 

and weak « the media usually absent. 

These minute flies, though very inconspicuous in the adult cons 
tion, sometimes make their presence severely felt while in their mma- 
ture stages from the damage they inflict on various crops in America 
and Europe. The most widely known of these pests 1s probably the 
‘* Hessian fly,’ a destructive enemy of wheat in Europe, America, and 
New Zealand. / 

The larva of this fly (Cecidomyia destructor, Say) lives between the 
leaf and the stem of the wheat plant which becomes so enfeebled by the 
attack that it bends over, 
and gives practically no seed. 
When full grown the animal 
before becoming a pupa exudes 
a substance which stiffens into 


an outer covering, giving it Fig. 375—WING OF CECIDOMYIID. 
© (After Comstock.) 
rather the appearance of a 


flaxseed, this resting stage being hence often called the ‘‘ flax-seed 
stage.’’ As a general rule preventive measures are difficult, as they 
depend on destroying as far as possible, by hand-picking the affected 
plants containing pupe, the first brood of the flies, which necessitates early 
recognition of the attack. Under natural conditions the flies appear 
to ins kept in check by hymenopterous parasites, and probably do 
serious damage only when these parasites are from some cause 
rendered inefficient. 
Besides those forms whose larvee live in the above manner there are 
very many others which lay their egos in various other parts of plants. 
The ii ad of the egg or larva, or the injection of some irritating fluid 
restiits “Ws kind of local inflammation which produces a gall on the “ae 
ne this aay larva developes. To facilitate the laying of the eggs 
in the proper place the ovipositor in some Species is very much elongated. 


The larve of Cec} bei. 
oe ; — ecidomyiids are Somewhat curious : they are small- 
leaded maggots often red or pinl y 


‘, tapering slightly at both ends, with 
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one segment more than is usual in dipterous larvee (7.c., 14 instead of 13 
including the head) and have a little horny hook (the ‘‘ anchor-process ’’) 
on the under side of the front part of the body, possibly used for. changing 
the position of the larva or for breaking up the substance of the gall to 
prepare it for eating. In addition to this, some of these larve (Miastor) 
have the extraordinary power of producing young ones in their 
interior, and that not by means of the development of testes and 
ovaries and subsequent fertilisation, but by simple growth, a kind of 
‘“ vegetative reproduction.’’ These young larve eat their way out 
of the parent-larva’s body, and either pupate in the ordinary way or 
themselves produce another generation after the same fashion. 


The pupe of Cecidomyiids may be either free or enclosed in cocoons. 

As regards the exact method whereby these cocoons are constructed 
there is much uncer- 
tainty ; some are spun 
in the usual way, but 
others appear to come 
£5 Seal into being without 
Se|2 |, “Po < exertion on the part 


| A a\\= = = i % } of the larva, which 
Wah Wah Ne) . J) seems to remain quies- 


———<——— 


cent while the cocoon 


Fig. 376—The lower figure shows a hymenopterous para- gTOWSs round it. It is 


sitic grubat the beginning of its attack ona Cecido- . ; 
myiid pupa. The upper fioure shows the great growth supposed that some 


of the grub after two days, the pupa being almost process of sublimation 
entirely consumed. 


takes place (cf. p. 580). 

The pups look very much like those of minute Lepidoptera, with 

the legs straight and free from the body at the ends. We figure a species 

found in galls on a wild plant at Pusa (fig. 2, Pl. LX), and the same pupa 

attacked by the larva of one of the hymenopterous parasites to whose 
attacks the members of this family seem particularly liable (fig. 376). 


In Europe and America these flies have been a good deal studied, 
and something like a thousand species described, but in India two 
species only have been recorded ; one of them which attacks rice after 
the manner of the Hessian fly, was described by Wood-Mason under the 


name of Cecidomyia oryzae, from Bengal, but since his time nothing seems 
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be k f it except for one severe outbreak In South India 
to be known 0 | em 
when the pest was completely sane 3h ae oe 
‘es, Oliqotrophus saugneu ; ; 
ther species, Oligotrophus § | ge 
eee ae one has been bred at Pusa from the spores of ih seoas rus 
on : 


Bs 
pietie 


ete a, iN O49 A 
MIT ‘ 4 fa i J ae 
f. oa : . a 4 
\ we y “ LS 


anes. Anan 


ow 


Vk 
Fig. 377—OLIGOoTROPHUs SALIGNEUS. 


Nhl BELOW IS THE GALL WITH PUPA- 
ee UDENG. lc. REPRESENTS THE MALE ANTENNA, le. THE 
MALE CLASPING ORGANS, 1f. THE OVIPOSITOR. I. M. N,] 
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There certainly exist a very great number of Indian species as yet 
undescribed. The flies are common in the plains and extremely 
abundant in the hills. 

The family is separated into two groups, the Lestremiine, with a 
media, and the Cecidomyiine, without a media. 


MYCETOPHILIDA. 


Fungus-gnats. Mostly small flies with elongated cove. Antenne long, 
generally without whorls of hair. Two or three ocelli present. Eyes 
separate im both sexes. All the tibie with spurs. Male genitalia 
easily seen. 

These delicate and slender flies can generally be easily recognised by 
the above characters. They might perhaps be occasionally confounded 
with Bibionids (as their colour is sometimes black 
and orange) or with Tipulids or Cecidomyiids, 
but the long antennee and cox, with the vena- 
tion, are sufficiently characteristic. 


As to the venation, the costa extends as far as 
the last branch of the radius (which may be 3 
or 2 branched), the sub-costa may be very small 


or well developed, the media and cubitus are 2 
Fig. 378—Mycetoruimp branched, while the anal varies in length. There 
(SCIARA) MUSSOORTE. * 2 i. considerable variation in the arrangement 
of the veins in the neighbourhood of the radio-medial cross-vein, and this 


variation supplies useful characters for purposes of classification. 


These flies require for their development damp surroundings, and 
hence are much more abundant in the hills than in the plains. They 
sometimes indulge in dances, generally about low shrubs or near their 
breeding-places. The prominent genital forceps of the males (fig. 378) 
renders the distinction of sexes easy, for the female has the abdomen 
pointed, with two very small terminal processes. 


The eggs are often extruded in little chains of a dozen or so at a_ time. 
They are laid in fungi, dead damp wood, dung, decaying leaves and simi- 
lar substances. The larvee have a shiny look, and are generally rather 
transparent, so that the longitudinal tracheal tubes show plainly through 
the skin. They are smooth and round, with as a rule a few small bristles 


on the under side. There are 9 pairs of spiracles, on segments | and 4-11 
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with none on the last segment. The head is quite distinctly separate 


from the body, and is horny, with a pair of strong flat jaws. Many of 


Fig. 379—LARVA OF MYCETOPHILA ANCYLIFORMANS 
(AFTER HOLMGREN) MUCH ENLARGED. 

the larve secrete a slimy silky substance with which they spin a kind 
of web over their food and subsequently a cocoon within which they 
pupate, Their habits are often very curious and interesting ; for instance, 
the gregariousness of the larve of some of the Sciarine, which travel 
about stuck together with slime in large snake-like masses sometimes 
three or four yards long; the extraordinary form of Mycetophila 
ancyliformans which looks exactly like a small Mollusc, the shell being 
represented by a spirally-marked case of excrement which is carried 
the back (fig. 379), and the strong luminosity recorded as being 
exhibited by a New Zealand Bolitophila (B. luminosa). The pup are 
ee es iit spines, or bristles, and not enclosed in the 
often very iis ae Fee BOE ae 

cate. On emergence the abdomen of the fly, 


more especially of the female, is often noticeably long and large, and 


takes some ti shri ; 
me to shrink to its normal size, this telescopic extension 


of the poster : 
ct tet oe eT segments being also very obvious during 
pos e whole life-history occupies as a tule about three 
weeks or a month in temperate climates 
The larve are essentially scaven 


gers, apart fro 
importance economically i om this being of little 
Se 


and though in Kurope they sometimes attack 
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stored potatoes and apples, this is probably only in cases where the apples 
or potatoes are already bruised or slightly decayed. Mushroom-growers 
have sometimes suffered heavy loss from their attacks. 

About a thousand species of Mycetophilide are known, distributed 
all over the world. From India Van der Wulp records only four species, 
belonging to the genera Sciara, Mycetophila and Platyura, but there 
are in reality a very large number, more especially in the hills, where 
the flies are extraordinarily abundant, the conditions found there 
being exactly suitable for the larve. A Sciara has beenreared at 
Pusa from mushrooms, and members of this sub-family (Sciarine) are 
extremely common at Mussoorie and Simla, (fig. 378) where we have also 
found representatives of the sub-family Macrocerine rather common 
at light, these latter being conspicuous by reason of their unusually 
long antenne. 

The family has been monographed by Winnertz (Verhand. Zool. 
Bot. Ges. 1863) and most of what is known of the larvze will be found in 
a paper by Osten Sacken (1886), reprinted from Proc. Ent. Soc., Phila- 
delphia, 1862, on “‘ The characters of the larve of Mycetophilide.” 

The determination of species 1s often rather difficult, as the specific 
characters are frequently minute and require very careful discrimination. 
The genera and sub-families are mostly distinguished by differences in 
the venation, which shows considerable variation in the family. The 
following table of sub-families is modified from Williston. (The Sciarine 
are now sometimes separated as a distinct family and called Sciaride@). 


1. Coxee moderately long Cross-vein looking like .. Sciarina. 
part of R,; cubitus forked near base of wing. 
Coxe very ; long Cross-vein not in same line as R, 2 
2. Media arising near base of wing. Anal more or less 
incomplete. 2 3 
Media arising near middle a wing ; ty couplets 4 


3. R, branched, the branch generally looking like 
an extra Cross-vein between R.R, and R,; 3 
ocelli present i. .. Scrophiline. 
R,, not branched, 2 or 3 eal Ur .. Mycetophiline. 
4. R, reachng the costa, and arising from R, at or 
near the Cross vein hi, ; . Mycetobune. 


~ 


R, generally short and transverse, elere in R, 4») 
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5. Media not coalescing at any point with R, or R,. 


(ross vein present 
Media coilescing for some ¢ 

(ross-vein absent. 
Antenne very long 
Antenne short and flat 


Bolitophiline. 


listance with R, or R,. 


_. Macrocerine. 
_. Ceroplatine. 


BIBIONIDA. 

Medium sized ugly-looking flres. Antenne with 9-12 rather thick joints 
closely pressed together. Ocelli present. Front femora rather thick, 
jront tibiae generally spined. Eyes of male close together or touching. 
Anterior veins thicker than the others. Wings often dark or with dark 
spots. 

These flies are easily recognised by their sluggish movements 
(though they have large wings), and by their colour being almost always 
either black or orange-red. In many species the male is black while the 
female is partly orange, as is also the case with some Mycetophilids 
(Sciarine). Their lazy habits and conspicuous colour-scheme suggest 
that the orange and black might represent in this case, as apparently in 
others, the ‘‘ warning colours” of the distasteful and dangerous members 


of insect society, but no observations confirming this supposition 
appear to exist. 


The wings have conspicuous alule. The sub-costa is generally rudi- 
mentary and the radius is often only two-branched. The flies might 
perhaps be confused with Mycetophilide, since some of the latter are also 
black .and orange, possess ocelh, and have often dark-coloured wings 
whose venation is not unlike that of a Bibionid. The two can be easily 
distinguished by looking at the antennae and the coxe of the he 
both of which are much longer in Mycetophilids than in Bibionids. | 

The eyes in Bibio are divided (in the male flies) into two distinct 
upper and lower halves, separated by a narrow band. More or less well 
marked differences in the structure of different parts of the eye, usually in 
ibe size of the facets, occur in other flies. (Cf. Piepiere ae Re 
Tabanids, Dolichopodids, Pipunculids.) Since, owing to he ea 
arrangements of facetted eyes, clearness of vision increases with tl 
number of facetsin the parts of the eye employed, we ie € 
sparsely-facetted areas to be used merely f ce ee eee eS 

y tor the perception of com- 


paratively gross differences 
nees of light and shadow and of the motion 
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of large objects, while the closely facetted parts are of use in cases where 
more accurate discrimination 1s wanted for nearer objects. The larvee 
are grub-like, and have a horny head 
and jaws. They feed mostly on decay- 
ing matter, being often found in 
numbers in the farmyard manure ap- 
plied to fields, but they also sometimes 
affect a diet of fresh vegetables and 
occasionally do damage in Europe by 


eating the roots of grasses. The pupe 
are generally free but some remain in- 


Fig. 380—FEMALE BIBIONID ; 
(PLECIA) x 2. side the old larval skin, through which 


project two branched tubes for brea- 
thing. The family numbers about three hundred species from all parts 
of the world. The known Indian species belong to three genera, name- 
ly Bibio, Plecia, and Dilophus. We have reared also of a species Aspistes 
from rotting roots of ginger. These genera are distinguished as follows : 


2nd basal cell absent, antennz with 12 joints ois: Aspistes. 
2nd basal cell present, 

Radius 2-branched, front tibiz spineless ee LeCL@ 
Radius 2-branched, front tibize with a spine-like process 

at the tip e .». Babio 


Radius 2-branched, front tibize with a circlet of spines. Dualophus. 
SIMULIIDA. 


Small fat fies. Antenne rather short and tapering, with 10 joints close 
together. Eyes touching in the male. No ocelli. Thorax humped. 
Wings broad, with only the antervor veins well-developed. Legs rather 
stout, tibie not spurred. 


There is only one genus (Simulium) in this family, but this contains 
from fifty to a hundred known species which are widely distributed. In 
India they are most generally known as ‘“ Potu” or “ Pipsa.” In 
Kurope and America they sometimes occur in vast numbers and do great 
damage to live-stock. The females suck blood, and their attacks not 
infrequently result in the death of the victim, whose eyes, nose, and ears 
are the points to which the pest mainly directs its attention. The bite 
leaves a small purple spot like a blood-blister, and may cause consider- 


able irritation. In America one species (S. pecuarum) has caused much 
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heep, hens, turkeys, pgs dogs, and 


loss among mules, horses. cattle, s 
The larvee of all the known 


cats. Smoke or Kerosene are preventives. 

species appear to live in quickly running : 
veneral absence of Simuliids from the plains. iste have, owever, 
pan observed in quite a slow stream near Igatpuri, while two adult flies 
have been taken during the hot weather at Pusa, though no larve 
have been discovered in the rather sluggish river which is the only 
rest rapid stream is probably at least fifty 


water, which explains the 


running water there. The nea 3 
miles away. The larve are curiously adapted for their mode of life, 


having a sucker at the end of the body, wherewith to cling to stones, 
a foot-like process on the Ist thoracic segment, and large brush-like 
mouthparts, whose motion sweeps into the mouth the microscopic 
water-plants on which the creature feeds. The larva can spin threads 
which help to protect it from being carried away by the rushing water, 
and when full grown it spins a pocket-shaped cocoon which 1s stuck to 
stones and in which it pupates; the pupa has two much-branched 
breathing filaments which project from the open front of the cocoon. 
(Pl. LXI.) The fly emerges under water and floats to the surface, 
protected from getting wet by a bubble of air or gas entangled among the 
hairs on the legs and body. In the figure of the wing (Pl. LXI, fig.1). 
it will be seen that the strengthening of the anterior veins at the 
expense of the posterior ones has been carried much further than in 
the Bibionids, the only well marked veins being the costa, subcosta, 


the 2-branched radius, and the basal part of the media connected with 


the radius by the anterior cross vein. Some other small flies, e.g., 


Phoride, have a venation at first sight somewhat similar to this, 


but their antenne are quite different to those of Simulium. (PI. 
LIX.) | 


The eyes in this family contain both large and small facets (see Bibio- 


mide), and afford an easy means of distinguishing the sexes, since the 


male eyes touch while those of the female are separated. The flies are 


usually coloured with some combination of grey, black, and golden 
yellow. The Indian species have not ‘eon erl aean 
Simulium indicum, Bech (Ind. Mus. Notes), and § a es 
been described, and when the species of the h 
collected there is little doubt that they | 
siderable number. 


imdianum, Big., having 
ill districts have been 
will be found to include a con- 
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The one whose stages are figured on Pl. LXI is common in the neigh- 
bourhood of Simla at the end of the rains. No really practical method 
of exterminating the flies is known, though the use of heavy oil in the 
streams has apparently been tried with some success in America. 


ORPHNEPHILID2. 


Small bare flies with eyes contiguous in both sexes (not as is usual in the 
male only), and an unusual type of venation. Antenne not longer 
than the head. 

These small flies are rare, but widely distributed. Nothing is known 
of their habits and life-history. They are of no economic importance, 
though of interest to the systematist from the difficulty of determining 
their relationships. None are known to occur in India.. 


RHYPHIDA. 


Discal cell present. Empodia pulvilliform, pulvilli rudimentary or absent. 
No transverse suture on thorax. 

These flies look rather like small Tipulids with broad wings, the 
latter generally spotted. They are widely distributed, but the species 
are few. They are fond of shady places and are sometimes found on win- 
dows. The larve are mostly aquatic, wormlike, amphipneustic, with 
two fleshy projections on the hind end. They are also found in rotten 
fruit, manure and decayed wood. The pupz are free. Two species are 
recorded from India. Rhyphus fenestralis, Scop., which occurs in the 
hills, and R. pulchricorms, Bru., from Assam. I have not yet been seen 
them in the dry plains. The venation is shown on Pl. LIX. 


ORTHORHAPHA BRACHYCEBRBA. 
STRATIOMYIDA. 


Medium-sized flies, not bristly. Head usually as broad as thorax, 
abdomen often flattened. Ocelli present. Eyes frequently touching in the 
male, often with coloured bands as in Tabanidw. Antenne variable, 
3-jounted, the 3rd joint a complex of small segments and often with 
a terminal style or arista. Scutellum often spined or with serrated edge. 
Anterior veins often crowded and thickened, the others weak. Four 
or five posterior cells present. Costa rarely reaches to tip of wing. 


This isa large family of often very beautiful insects, but unimpor- 
tant from the economic point of view. In their adult condition they 
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leaves, and the larve are many of them 


are found about flowers and . 
y lazy and not easily frightened, and 


scavengers. The flies are general 
are fond of sitting on leaves near the 
eround in damp rather shady places. Pi: 
LXI, fig. 3, shows the commonest species 
of the plains (Sargus metallinus) and give 
some idea of the beautiful colouring which 
these flies often show. The wings are 
carried at rest lying flat over each other 


along the abdomen and the members of 


Recipe 
y cry 


the family have generally a characteristic 
look about them which makes them easy 
to recognise; where there is a doubt, a 
elance at the antenne and venation will 
in most cases be enough to resolve it. 


The sexes may be distinguished by the 
distance apart of the eyes. The larve, 
which are sometimes predaceous, are found 
in various decaying substances, under bark 
or in the sap exuding from it, and often in 
water, even occasionally in salt water 


and hot springs. The aquatic forms often 


, ; : ‘ Fig. 381—LARVAL SKIN OF - 
possess a beautiful hair-fringed tail-cup - TIoMyIID TO SHOW Pain ee 


(fig. 379) which floats and keeps. the VE 


posterior spiracles at the surface. The 
skin of the larva is often very strong and 
hard, frequently covered with a sort of 
chalky layer which helps to stiffen it, 
aad when the larva pupates this larva- 
skin separates from the pupa but remains 
enclosing it as a protecting outer case. 
Interesting accounts of the structure and 
habits of these larve will be found in 
Miall (“ Aquatic Insects ”). 

The student will find a list of genera 


and s jaa 4 : 
d species in Indian Museum Records 
(Brunetti), 


Fig. 382--LARVA OF A STRATIO- 
MYIID, VENTRAL VIEW, 


LEPTID A. 59] 


The Chitellarine (Pl. LXI, fig. 1) and Sargine are common in India, 
but the curious little dumpy round-bellied Pachygastrine (Pl. LXI, fig. 
5,) whose flattened predaceous larvee 
live under bark, are less often met with. 
The venation typical of these three 

sub-families is shown in fig. 381. 

a LEPTIDA. 

Antenne variable as in Stratiomyide. 
Eyes often touching in the male. 
Proboscis sometimes long and beak- 
lke. Pulvilli and empodia present. 
At least some of the tibie with spurs. 
b- Leptids are of moderate size, being 
rarely quite small, with the legs and 


Fig, 383—STRATIOMYIID VENATION 
(AFTER COMSTOCK). A PACHYGAS. 


TER, B CLITELLARIA, CO SARGUS, Fig. 384--ANTENN& OF LEPTIDs. 
(After Comstock.) 


abdomen both rather long and thin, the latter somewhat tapering at the 
hind end. The head is wide and the eyes large. The body is frequently 
covered with a close coat of short hairs sometimes golden yellow in colour, 
and when at rest the wings are not folded over the back as in Stratio- 
myids but are held apart after the manner of the Tabanide. The usual 
type of venation is shown on Pl. LIX. The flies are of rather sluggish 
habit, with a short silent flight, and are predaceous; two genera, Sym- 
phoromyia and Trichopalpus, are said to suck blood freely in America, 
while cases are also on record of people in Europe having been bitten by 
Leptis ; no Indian species is yet known to suck blood ; the family, as a 
whole, certainly does not occur in any abundance in the plains. None 
have ever been seen at Pusa, though the flies are apparently not uncom- 
mon in Assam and in the Kastern Himalayas. The sexes are distinguished 
by the wider separation of the eyes in the female. The breeding-habits 
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ke those of Tabanide, the eggs being laid on plants 
woody places. The predaceous larvee 
moist earth and moss. One 


appear to be not unli 
overhanging water or in damp 
are aquatic or live In decaying wood or } 3 
species is known to make a pit like an ant-lion and catch food in the same 


way. The larvae of Xylophagine sometimes have the head and anterior 
part horny and drawn out to a point at the end of which 1s the mouth. 
The family comprises two or three hundred widely distributed species, 
and is divided as follows, the Leptine containing most species. The 
Xylophagine often have a considerable resemblance to Hymenoptera. 


(a) Antenne not long, 3rd joint apparently unseg- 


mented, with a style or arista .. Leptine. 
(b) Antenne longer, 3rd joint complex. 
(1) All the tibie spurred = .. Xylophagine. 
(2) Front tibize without spurs. . _. Arthroceratine. 
TABANIDA. 


Dans-flies, Gad-flies, “ clegs.” Body usually rather broad and flat. Head 
large, broad and flat, the eyes large, touching in the male ; often with 
coloured spots or siripes. Antenne projecting, 3rd joint made up of 
several segments. Proboscis strong, pointing downwards, sometimes 
(Pangonia) very long and horizontal. No bristles on the body. 
Squame well developed. Wings fairly large, the costa extending all 
round, when at rest held separated (except Haematopota) not folded 
flat over one another. 

Dans-flies are easily squashable, generally fairly large flies, at least 
as big as a bluebottle, and often bigger. They are well known from 
| 3 the blood-sucking habits of the 
be females, and are in some districts 

a constant source of annoyance 
to horses, cattle, men, and other 
animals. Their bite is severe, but 
generally does not result in so 
much swelling and subsequent 


Pg | hi eae ae irritation as does that of the mos- 
aaa career Hine.) | quito ; sometimes, however, this 
me Maxtiaa 1s by no means the case, and very 
ee) A halen considerable discomfort may be 
lbr LaABRUM 


experienced. It is probable that 
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PLATE LXII.—Tasanip4é. 


Tabanus sp. Wik: x 2. 


Egg mass. x 2. 


. Young Jarva, x 8. 


Full-grown larva. x I. 

Papa,-- x2 , 
Parasite. x 8. 
Tabanus sp. x 2. 

Pangonia longiostris., x 2, ° 
Gastrowides ater. x 2. 
Hematopota spr x 2. 

Chrysops dispar. x 2 
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such resuits are due, not to any poison secreted by the insect, but to 
dirt accidentally introduced into the wound either by the fly’s proboscis 
or in some other way. 


Unlike most mosquitos, Tabanide bite only during the day time, 
but they resemble the former in that the females alone are blood-suckers. 
The males live on nectar or the juices of plants and fruits, and the females 
can also subsist on vegetarian diet if they are unable to get blood. Both 
sexes have been observed feeding on the sugary substance exuded by 
Aphids, and it seems probable that some species of Pangonia (females) 
do not include blood in their diet : we have observed them sucking com- 
posite flowers at Simla, but never biting. One species of T'abanus at 
Pusa appears to drink water when on the wing, like a swallow, and those 
that we have kept in captivity have drunk freely of sugar and water, and 
of “ Hematogen” (a blood-like patent medicine). The sexes are 


generally easily distinguished by the eyes, which touch one another in 
the males and are separate in the females. 


The majority of blood-sucking flies have aquatic or semi-aquatic larvee, 
and the Tabanids, as a family, form no exception to this general rule. 
The eggs (fig. la, Pl. LXII) which are 

usually dark-coloured and cigar-shaped, 

aoe or sometimes curved and with a white 

: incrustation, are generally laid arranged 
in more or less regular masses on leaves or 
stems of plants overhanging water or the 


tbr m « 
* mud at the edge of water. When the egos 
Fig. 386—MOUTHPARTS OF FE- c ; 
MALE Jabanus, SHOWING AB- hatch the larve fall out into the water, 
SENCE OF MANDIBLES. , 
(Ajit Hinds whence they soon make their way to the 


. mud at the bank, where they live until 
full grown, eating living or dead insects, and in captivity preying on one 
another when food is scarce. When full grown they leave the water’ s 
edge and make their way further up the bank where they pupate 
just below the surface of the ground. The larvee are apparently 
metapneustic, with well developed mouth-hooks, a retractile head. 
and the body-segments usually furnished with prominent tubercles 
bearing small claw-like spines which assist in locomotion. The tail is 
usually more or less prolonged into a retractile breathing-tube, and a 
round double swelling below marks the anus. A characteristic feature 


s 9Q 
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is the longitudinal striation of the whole body, but this 1s sometimes 


. Y ; J ad ‘i 
only very faintly marked. One Pusa species Gastrowides ater (Pl. LX, 


fig. 4) lives In hollow trees. 
the power of emitting a sound, a tiny squeak 


Some of the larvee have 
yasmall electric spark. It has been sup- 


or click, like the noise made b 
posed (Paoli, Redia, 1907) that 
a curious structure known as 
“Qraber’s organ” (fig. 387) 
is concerned either with the 
production or with the per- 
ception of such sounds ; this 
organ can be seen in the living 
larva as two or three pairs of 
small black dots under the 
skin, the number and arrange- 
ment varying to some extent 
in different species. The form 
of the tail, breathing tube, and 
trachez are also helpful in dis- 
tinguishing the larvee, as are 
also the shape and number of 


the tubercles and the arrange- Fig. 387—TAIL END OF TABANUS LARVA, 
SHOWING GRABER’S ORGAN LYING BETWEEN 
ment of the small bristles on tee BIG TRACHEAL TUBES. (After Paoli.) 
AGNIFIE Y 1 
eahods cements IFIED ABOUT BIGHT TIMES. 


The pupa is found in the earth : it lies free of the larval skin, and has 


usually rings of bristles on the abdomen and some spines and tubercles 


on the head and thorax (fig. 388). The thoracic spiracle is rather large 


“3 StS phi ad a Pusa there are apparently three broods 
nectierGed Rimi ee 
Hibernation ce ree ua June) and at the end of the rains (October). 
weather in all nee 4 ges ph a tea condition through the cold 
Species with which I am acquainted at Pusa. 


Some species are att 
ttacked by smal 
(Pl. LXII, fig. le.), w 


found in a considerab 


hich ; | Hymenopterous egg-parasites, 

ch 

: in the case of one species of Tabanus we have 

€ proporti ; 

were Common in spite # pea iey of the eggs observed, though the flies 
us. No practical method of getting nid of the 
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destruction is desirable since they are practically certainly concerned in 
the spread of diseases of horses and cattle. They can to a certain 
extent be kept from biting by the application of 
kerosene- or crude-oil emulsion, the effect some- 
times seeming to last for several days after 
application. The family contains between one 
and two thousand species, which occur all over 
the world. Though the genera are very widely 
distributed, the range of many individual species 
seems to be comparatively restricted. The 
differences between the species are often ex- 
tremely slight, and the family as a whole shows 
a coherent assemblage of forms closely following 
one or two common patterns. It is thus very 
easy to recognise aflyasa Tabanid, and often 
difficult to find out what Tabanid it is. The 
table indicates the distinctions between the 
genera more commonly found in India. The 


number of species known is doubtful (V. D. Wulp 


Be ee OPE OF Hiists over. filty).and they are at present undercoing 
TABANUS x 4. ISts 0 ty) an J pr dergoing 


revision. All these genera are figured on Pl. LXII. 


Antenne much longer than the head... .. Chrysops. 
Antenne not as above.— 
(1) Proboscis very long a .. Pangonia. 
(2) Proboscis short. Resting position with 
wings flat, separated ha: .. Labanus. 


(3) Resting position with wings nearly 
parallel with the sides of the body. 
Wings usually brown, spotted with 
white os) .. Hamatopota. 


CyrtiIp&.—(Acroceride). 

Medium-sized or small flies.. Head often very small, eyes usually meeting 
in both sexes. Antenne variable, 3-jointed with a terminal style, 
which may be absent. Venation variable, veins often faint. Thorax 
large and round, squame very large, abdomen very large and round, 
Mouth-parts variable, often rudimentary. 

These very curious flies are easily recognized by their small down- 


bent head, humped thorax, and very large squame and abdomen, the 
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Probably the only other flies 


with which they might be confused are Stratiomyids belonging to the 
, ig. 9 se the sc > 
Pl. LXI, fig. 5), and from these the quama 
They are never bristly, sometimes 


latter often of extraordinary rotundity. 


division Pachygastrine ( 
and venation will distinguish them. 
hairy, generally quite smooth. The life-histories are not well known, 
but the larvae seem to be parasitic in the egg-cocoons or the bodies of 
spiders. The fly’s eggs are said to be laid, not on the spider or among 
its eggs, but on grass and stems whence, In some unknown fashion the 
larvee get in touch with their unwilling hosts. 

The family is quite a small one and its members are as a rule 
uncommon. Oncodes costalis, WIk., is recorded from India ; we have 
taken another undetermined species at Mussoorie (Pl. LXIII, fig. 11), 


flying about Convolvulus flowers, and at Pusa in grass and low 
herbage. 
NEMESTRINID&. 


Moderate-sized hairy flies with characteristic venation. Antenne short, 


3rd joint simple with a thin terminal jointed style. 


The peculiar venation (fig. 387) characterises this small though 
widely-spread family. About a hundred species are known, and their 


ee 


Fig. 389—NEMESTRINID WING. 
(After Williston.) 


habits are similar to those of the Bombyliida, i.e., they are flower-flies, 
and suck nectar. 


ae 
rs Phe Mie siseOny of one species is partly known and is very curious. 
oos p F 2 . : 

le eggs are and in the burrows of a boring beetle (Anthaaia) whence 

the larve issue In numbers and are wafted away by the wind. After 

oe oe probable that they cling to beetles (in this case a 
‘ockchater), and are carried wi 

with them into the ground when they lay 


their eggs, subsequently feeding on the beetle-larvze which hatch 
Exactly how they get to the beetle-lary : : 


Wj x 18 not, however, known with 
any certainty (Williston). ; 
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The flies are rare, and seem to be usually caught on hill tops, or 
flying about the tops of big trees. The Indian Museum collection 
contains one species (Hirmoneura montana, Bru.) from Mussoorie, and 
there is an unnamed T'richophthalma from India in the British Museum. 

BoMBYLIID. 

Antenne 3 jointed, the terminal style small or absent. Head generally 
rounded, eyes often meeting above inthe male. Proboscis long and thin 
or short and thick. Body generally downy, or with thick fur, sometimes 
with scales. Legs usually thin and rather long, feet small. Radius 
four- branched. Basal cells long. Squame small. Wings often with 
a dark pattern. | 
This large family (some 1,500 species are known) is one which forms 

a characteristic feature of the fly fauna of the plains. Its members are 
found in all dry districts, and can be seen hovering about sun-burnt 
banks and paths and in the most arid and unpromising situations. 
Their flight is extremely rapid and well regulated : I once timed a small 
Anthrax hovering about a twig, and for nearly six minutes it remained 
within a space of certainly not more than a cubic inch in extent. 
When disturbed they dart away like lightning, a habit which renders 
their capture rather difficult to accomplish without extravagance in 
time and nervous energy: a great saving in these respects 1s gained by 
stealthily bringing the net as near as possible and then enclosing the 
fly with a rapid jerk: about sun-set they can often be found by 
sweeping grass. The two main types to which the majority of the 
genera belong are the Bombyliinw, hump-backed furry forms with 
long thin proboscis, often looking a good deal like bees, and the 
Anthracine, which are not hump-backed, have a relatively larger 
head, longer abdomen, and short proboscis. Though many Anthracines 
are clothed with thickish hair they are not so characteristically furry 
as the Bombyline, and some are almost bare, these latter having 
some slight superficial resemblance to small Tabanide. The majority 
of the commoner species of the plains belong to the Anthracine type, 
though Bombylius and allied genera are not uncommon, especially 
after the rains. The sexes differ in the distance between the eyes, 
those of the males being closer. 

The chief importance of these flies lies in the mode of life of the 


larve, which are found as parasites in or on the eggs or larva of 


P i(PTERA 
res Dit PEI . 


rs ry groups 
other insects. The hosts are mostly Hymenoptera, but other groups, 


including Acridiid@ (Locusts), are known to be attacked, and % 


ad 1e ; £ ) Se 
argenti{rons, Bru.) has been found at Pusa 


species of Geron (G. 


. ave 2 ? 007 9 | iv. 18 ) 
parasitic Bete Taeiricid moth, Laspeyresva paculatria. It is not 


uncommon to see female Anthracines hovering up and down ove! 


the surface of brick walls and other places where nests of Hymenoptera 


are likely to be, evidently exploring to find a suitable place for their 
egos : these they seem to jerk from the abdomen while still on the 
wing, as described by Fabre, but no Indian species have yet had ther 
life-histories properly traced. They carefully inspect likely-looking 
holes and cracks in bricks or wood, and we have more than once 
beguiled the. common Arqyrameba distigma into wasting much time 
over an attractive “hole” painted on a piece of paper pinned up on 
the wall or the verandah of the bungalow. From the biological point 
of view the chief interest of these life-histories centres in the very 
remarkable changes of form undergone by the larvee, each change being 
specially adapted to help it in the progressive stages of its career. 
Fabre has studied these changes in the case of an Argyramaba and 
the following account of his work is abridged from Dr. Sharp’s volume 
on Insects (Pt. II) in the Cambridge Natural History. The victim in 
this case is the Mason-bee (Chalicodoma), one of those Hymenoptera 
which build hard nests of mud, like those commonly seen about the 
corners of bungalow walls and such like places. The parent fly 
hovers over one of these 
nests and drops upon it a 
minute egg whence emerges 
a tiny slender larva hard- 
ly s'45 inch long. After re- 
maining quiet (all the time 
in a fasting condition) for 
about a fortnight, the little 
animal begins with extra- 
ordinary energy and per- 
severance to explore the 


surface of the nest until it 


finds some tiny crack large 


egts Fig. 390 
Te 1 anecaa oT 7 = in 
g1 ve ACCESS TO STAGE, LYING NEAR THE DESTROYED SCELI- 


T 
UARVA OF "PER yi Sea asec As 
enough to F HYPERALONIA IN RESTING 


PHRON LARVA SHOWN ABOVE IT x 2? 
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the interior. Once there, the slender lissom shape is useless, and 
it now changes to a thickish grub with a delicate sucker-mouth, 
which it applies to the body of the luckless bee-larva, whose juices are 
thereby gradually absorbed without any perceptible wound being inflict- 
ed ; when this treatment has lasted about a fortnight nothing remains 
but an empty skin. The fly-larva, now fully grown, remains quiescent 
for some months (cf. fig. 390) and then changes to a pupa, which like 
the other stages shows a remarkable fitness for meeting the requirements 
of its position. 

Of these the most pressing is obviously the necessity of ultimately 
being able to escape from its stout clay prison-cell, and for this end the 
pupa is furnished with six hard and strong spines on the head used for 
demolishing the surrounding masonry, and some horns and thick bristles 
on the tail and body. The pupa is thus enabled to break its way to the 
open air, and the fly then emerges, leaving the pupa skin still fixed in the 
wall of the bee’s cell. 

These successive adaptations to changing conditions recall other 
cases of “‘ hypermetamorphosis, ” such for instance as that undergone 


Fig. 391—PUPA-SKINS OF HYPERALONIA IN NEST OF 
SCELIPHRON x 2. 


by some of the Blister beetles (Cantharid@), and it is interesting to notice 
that the mode of life is very similar in these two insects, the beetle-larvee 
being parasitic on locusts and Hymenoptera, just like the fly-larva whose 
career we have sketched above; both of them, as minute and active 


individuals, start life fasting, so thatin the end they may win through to 
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hich their life depends. While they 
suffer a degradation of form and 
tially regained in order 


the all-important egg or grub on W 
have nothing to do but eat, both alike 
a loss of activity, which latter 1s in each case par | gangs 
to permit. of the final changes to the perfect insect. Such life- histories 
as these offer a fascinating subject for study, and for this India, owing 
to the abundance of the flies, should afford excellent opportunities. Fig. 
391 shows the clay cell of one of the common Hymenoptera of India 
(Sceliphron madras patanum) which has been penetrated by Anthracine 
larvee (Hyperalonia sphynx). The pupa-cases of the fly, still sticking in 
the clay wall, show the big spines which enable the pupa to burst out of 
its cell when the insect is ready to emerge. A remarkable genus found 
inthe hills, very unlike most of the other Bombylids, is Systropus, figured 
on Pl. LXIU, fig. 4; their resemblance to thin-bodied Hymenoptera, 
especially when they are flying, is extremely close. Another very curious 
genus, Hmpidideicus, is represented by a minute fly occasionally found 
in grass at Pusa, in which the proboscis is so long and thick as to have the 
appearance of an elephant’s trunk. A list of Indian genera and species 
is given by Brunetti (Indian Museum Records). 


APIOCERIDA. 
Two or three genera of rare flies, whose systematic position is 


doubtful. They may be Asilide or Mydaide. They are not known 
from India. 


SCENOPINIDA. 


Rather small bare black flies. 3rd joint of antenne simple and elongate. 


Noarista. Ocelli present. Eyes usually touching in the male. Abdo- 
men of even segments, rather flat. 1st posterior cell narrowed or closed. 
These flies are rather uncommon in the plains 
family, all of one genus Scenopinus, of no | 
(Pl. LXIITI, fig. 10) is not rare in the hills, 
black Stratiomyid, but from “his 
of spines or serrations 


and form a very small 
particular interest. One species 
and looks rather like a small 
ie nae the venation and the absence 
n the scutellu i istincti 

larvee Bro kery slender, and each ae Se ae a 
it SO that it looks like two segments. They are ae co peu 

Heavens, (eg under carpets and in decaying fungi), and oan 


to be predaceous, but little ; , 

; eis known about th 

ee a ‘ _ them. They are much like 

: : Sila of Therevide. We figure a specimen of S. indicus which was 
red irom a pupa found in decaying wood at Pusa | 


or bigorto 
y9F) 


Fig. 


PLATE LXIII.---Bompyiitps, AsiLipz, ETC. 


10, 
bis 


1, 
2 
3. 
4, 
5, 
6 
7 
8 
9 


Bombylius orientalis, x 2 
Argyrameba aperta. x | Bombyliide. 
Exoprosopa flammea. x | 
Systropus himalayensis, Bru, x 2 
Promachus rufipes. x2 
Allocotasia (aurata, Fab,1) 4 2 Asie 
Laxenecera flavibarbis. x 2 

Phycus brunneus. (Therevide). . x 2. 
Psilopus sp. (Dolichopide). x 2, 
Scenopinus indicus. (Scenopinide). x 6. 
Sp. incert. (Oyrtide), x 4. 
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THEREVIDA. 

Medium-sized bristly or hairy flies. Head broad. Eyes contiguous in the 

male. Antenne short, 3rd joint simple usually with a terminal style. 
Ocelli present. Five posterior cells, anal cell closed near the margin. 


Therevids are probably predaceous both in the larval and adult con- 
dition. The larve, like those of Scenopinids, have th» appearance, of 
possessing 19 segments, and in 
Kurope have been found in rotten | 
wood and in earth. The pupe 
are free. The adult flies, which 
are often clothed with silvery 
grey fur, may sometimes be 
seen sitting about on twigs and 
leaves apparently waiting for 
their prey after the Asilid man- 
ner: though a good deal like 
Asilids in appearance, they are 
rather more slender and have 
much thinner legs (fig. 392), 
while their attitude while waiting 
(for prey ?) is rather diferent, 
the head being held higher and 
the tail depressed ; the proboscis, 
too, is not horny and prominent asin Asilide@. Nothing seems to be 
known regarding the kind of insects on which they most usually feed, 
or of the life-histories of the Indian forms. They have a fondness for 
sitting on sand, and have more than once 
been seen at Pusa watching the pits 
made by Ant-lions, possibly in order to 
secure the insects entrapped therein. 
We have observed them dancing in 


Fig. 392—THEREVA. PUSA. x 5. 


great numbers in the early morning at 

the begininng of the hot weather at Fig. 393—Heav or a THEREVID, 
: ; w= FOR COMPARISON WITH ASILID. 

Pusa. The genus Phycus (Pl. LXIII, 

fig. 8) is not uncommonly met with in the plains, but nothing is known 

of it, not even that it is predaceous. Unlike most Therevids it is 


smooth and not hairy. 
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about two hundred species ; those 


The family as a whole includes ‘et : 
species 0 hereva anc 


recorded from India are some half-dozen 


Phycus. 
MyDAID&. 


Large or very large flies. Antenne club-like, rather long, the 3rd jount 
flattened. Venation characteristic, branches of radius coalescing, and 
first branch of media ending at or before the tip of the wing, which os 
often dark coloured. 

These flies have the general appearance of large Asilids, from which 
the above characters will be enough to distinguish them. Like the Asi- 
lids they are predaceous in both adult and larval stages, and the larve 
have been found in rotten wood. They constitute a small and wide- 
spread family of which little is known. There is one Indian species 
belonging to the genus Leptomydas in the collection of the Indian 
Museum. The characteristic venation is shown on Pl. LIX. 

ASILID. 

Antenne 3-jointed, 3rd joint generally elongated, with or without a 
terminal style. Head broad, depressed between the eyes. Proboscis 
stout, sharp and horny. Body generally long, with strong bristles, 
often hairy. Legs and feet strong, pulvilli usually large, empodia 
bristle-like. Squame rudimentary or absent. Five posterior cells, of 
which the \st and 4th may be closed. Anal cell open or closed. 
Genital organs usually conspicuous. 

A very large family whose members are abundant in the plains, and 
may considerably benefit us by their extraordinary appetites. They 

prey upon other insects of many kinds and 
their voracity is amazing. They do not 
fly much, but may be seen lying in wait for 
their victims on twigs and stubble or leaves, 
generally near the ground, and their short 
flights produce a rather loud dull buzz. 

Prot. Poulton (Trans. Ent, Soc., 1907) has 

na roa alge Sat made a study of the food of predaceous 

WEEN THE EYES. Insects, and has found that Asilid@ prey 


chiefly on Hymeno 
oe. ymenoptera, Diptera, Coleop- 
tera, and Lepidoptera, and less frequently on r 3 


Homoptera and Hemi 
p 1a Hemiptera (in India Asilids 


Orthoptera, Neuroptera, 
feed extensively on Oxya 
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relox, an orthopteron.) There is a large field for interesting work on 
these lines in India, and the student should consult Prof. Poulton’s 
paper. Some of the Asilids are very large, and several (especially the 
Laphrine) look much like bees, having a comparatively short and 
thick body (Pl. LXIV, fig. 7); others (Leptogaster, fig. 395) are of the 
most slender build, with a very long thin abdomen, and no pulvilli 
on the feet. These are not uncommon in the hills, and the prevalence 
of this elongated body-form, not in this family alone but in others 
also, seems to be a characteristic of the flies of that region as 
compared with those of the plains. Why this should be is at 
present an unanswerable question. In the case of the Bombyliid 
Systropus (Pl. LXIII, fig. 4) the strong resemblance which it certainly 
has to long-bodied Hymenoptera common in the same locality may very 
possibly be of benefit in some way ; we do not know in what way. The 
same might perhaps be said of the elegant little Syrphids of Baccha, 
Sphegina, and allied genera (Pl. LXV, fig. 4), but not of Leptogaster 
since this is not like any common Hymenopteron, and in this case 
some other explanation must be sought. Perhaps the requirements of 
their larval stages are not fulfilled in the plains ; perhaps the large 
surface exposed on the long abdomen is uncomfortable in very hot dry 
conditions ; it may be that the flies prey especially upon certain species 
of insects which occur in abundance only in the hills, or they may have 
some parasite or other enemy which lives only in the plains. These are, 
of course, the merest suggestions, and entirely valueless, as all such 
speculations must be until backed up by adequate knowledge of the 
life-histories and physiology of the insects. In one respect we may say 
with some certainty that the attenuate 
shape of Baccha and Leptogaster is of 
advantage, and that is as a protection, 
at any rate from human enemies, for 
unless shown up by a light background 
they are very noticeably inconspicuous. 
Another point which is perhaps worth 


notice is the strong likeness in form and 


general build between Leptogaster and 


Fig. 395—AN AsILip (Lepto- Dragon-flies. It is probable that this 


GASTER) SIMLA. Se Le 
superficial likeness in two such distantly 


; THERA 
G04 cass 


independently in response to the 
mode of life. Both the Asilid and 


connected groups has arisen 
requirements of their common 


the Dragon-fly live by chasing 


ih ay 
. : » “i aM ." 
other insects and catching them TR 


on the wing, the former sucking 
their juice with its pointed beak, 
the latter chewing them in its 
powerful jaws. Both havea par- 
ticularly broad head furnished 


with large eyes; strong bristly 


grasping legs and feet, large 


ings | hin abdomen. 
iin ae sete Fig. 396—THE EXTREMITY OF THE 
The utility of strong mouthparts, ABDOMEN IN FEMALE AND 


‘ ; ; MALE ASILIDS. 
legs and wings 1s obvious; the 


breadth of the head probably givesits owner greater powers of judging 

the distance of its prey correctly, while the long abdomen helps as a 

balancer and rudder, enabling the insect to turn quickly and accurately 
when swooping on its victim. 

The sexes are easily distinguished ; the males always have big clasp- 

ers and the females a pointed ovipositor (fig. 396). The larvee are pro- 

“¢ bably all predaceous, and with 

the pupe are most often found 

in rotten wood (fig. 397) or in 

earth. The full life-history is not. 


known for any Indian species. 


. 397—LARVA OF ASILUS, AFTER : 
5 a R 5 
BRAUER x2. The family comprises some 


3,000 known species of which over 


a hundred are recorded from India. It may be divided as follows :-— 


(a) Marginal cell closed. 


(1) Antenne with terminal bristle 
(2) Not with terminal bristle 
(6) Marginal cell open. 


.. Asiline. 
.. Laphrine. 


If without pulvilli, and with slender 
abd 
anaes se . .. Leptogaster 
Otherwise .. 


. .. Dasypogonine. 
The number of genera ig ] 


eee arge, and the generic characters often diffi- 
cult to distinguish. 
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EMPID&. 

Generally small flies with distinct neck and small round head wit) a pro- 
jecting horny proboscis. Eyes often meeting in the male. Antenne 
3-jornted, 3rd joint usually with a terminal style. Squame very small 
or absent. Legs often spined or thickened. Pulvilli long. Venat on 
variable, anal cell often very short owing to the turning back of the 2nd 
branch of the cubitus. : 

This is a rather large family of predaceous flies with apparently few 
species in the plains In their mode of life and often in general appear- 
ance they are like the’ Asilide, but (ex- 
cluding hill and forest areas) the latter 
are in India distinctly the dominant 
group, the reverse of what is the case in 
Kurope, where the Empids fill the same 
place in nature as is occupied in the 
Indian plains by the very abundant 


Asilids of that region: they are asa rule 
Fig. 398—Emprp (Hygos sp.) slenderly built, with a rather long thin 
eee abdomen; in habit they are somewhat 
more purely aérial than are the Asilids, and have usually very good 
control over their flight. They are also much less bristly and hairy 
than Asilide, while their eyes have no deep furrow between and 
are closer together. (Osten Sacken associates the absence of large 
bristles and presence of large eyes with aérial habits: 7.e., a being 
characteristic of fliers rather than walkers.) Some of them suck 
flowers as well as the juices of insects, and they appear to prey far 
more exclusively upon other Diptera than do the Asilid@ (Poulton) : 
with this their weaker build may have something to do. 

The sexes are easily distinguished, as the genital organs are usually 
quite clearly distinct in structure in the same way as in Asilide. Both 
sexes indulge at times in aérial dances, which seem to be connected 
in curious ways with the sexual relations of the insects (Howlett, Ent. 
Mo. Mag., 1907 ; Hamm, zbid., 1908 & 1909); the study of these aérial 
dances has been neglected, but it is certain that it would reveal many 
points of interest. 

The life-history is not known for any Indian species, but in Europe 


the larve are generally found in earth or under decaying leaves, 
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etc. They are probably predaceous and are described as cylin- 
a prominence 
In the plains, as mentioned above, 


; > e posterior pair of 
drical, amphipneustic with below the ] I 


spiracles. The pup are free. utils oe ie 
the species seem to be few in number, though individuals (especially 
Tachydromime) are often common, bu | : 
‘1 the hills. This may be due to the lack of shade and moisture In 
for in England they are found most 


meadows bordering on running 


t they occur in fair abundance 


the plains not suiting them, 


often in rather damp places, such as 7 | 
brooks or in shady woods. They are sometimes rather difficult to 


identify, owing to their considerable variety of form and venation. 
Van der Wulp lists one species of each of the genera Hilara, 
Pterospilus, and Hybos as Indian. Species of the latter genus are 
quite common in the hills and can be recognised from the exaggerated 


development of the hind legs (fig. 398). 


DOLICHOPODID. 


Small shim flies, generally of metallic colours, 
with long thin legs. Antenne often 
apparently 2-jointed. Proboscis short 
and fleshy. No squame. No cross-vein 
between discal and 2nd basal cells. Male 


genital organs frequently conspicuous. 


These beautiful little flies are found as a 
rule in moist leafy places, and in the rains 
may commonly be seen on hedges, garden- 
bushes, etc., flying nimbly about and sett- 
ling on the leaves ; they are often easily re- 
cognised by their elegant form and bright 
metallic green colour (Pl. LXTIT, fig. 9) 
The first two joints of the antenns ne 
usually quite short, the second being some- 
times too small to be noticeable, and the 
third is generally oval, but in 
is much elongated. It bears 
terminal arista. The wings 


dark markings. 


x Fi . 399— L y "Wy 6 
some: g ARVA OF DOLI- 
senera cnopus (After Brauer.) x 16. 
a .dorsal or 
in =| DY P 
ere several genera are clouded or have 
; NOrax is f 2 . : 
regular rows of bristles alono ‘ fattened from side to side, and has 
“S along the back. In keeping with the dandified 
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appearance of these flies are the remarkable structures often found in the 
male, apparently for the purpose of impressing the opposite sex, 
and taking the form of curious elaborations of the feet, head and 
wings. 

The sexes are easily distinguished, apart from these ornamental 
characters, by the form of the genital organs, the male claspers being 
very large and complex, generally pointing forwards and lying along the 
under side of the abdomen ; since the sexes of the same species often 
differ a good deal in general character it is advisable to take every op- 
portunity of securing male and female together when found pairing. As 
a rule the metallic coloration of these flies renders their identification easy, 
but a good many forms lack this distinguishing mark and are dully 
coloured. In these cases they are very apt to be confused with some of 
the Acalyptrate Muscoids, especially the Ephydride, whose general 
characters are often curiously similar. These, however, lack the rows of 
thoracic bristles, and the venation of the wings is usually slightly 
different, the Ist basal cell being longer than in the Dolichopodide. 
The head and mouth in the Ephydrids is also generally larger, and they 
have not the row of bristles round the hind edge of the eye possessed by 
Dolichopodids. Both families are predaceous, and both favour damp 
situations. Ephydrids are commonly found walking on the surface 
of water, and some Dolichopodids are also able to perform this feat. 
Both groups contain species in which the front femora are thickened 
and armed with spines on the under side. 


This striking likeness would seem to indicate some close genetic 
relationship, but this is improbable if we accept the principles of classi- 
fication in general use, and it is more likely that the resemblances are due 
to the similar mode of life of the two groups: either the surroundings 
and habits of the insect influence its form in some unexplained way, 
or a certain pattern is found to pay best in these surroundings, and the 
variations in the direction of this pattern have become perpetuated. 
Very little is known of the life-history. The larve (fig. 399) are amphi- 
pneustic, slender and cylindrical, and live in the exuding sap or 
under the bark of trees, or in decaying vegetable matter. Their diet is 
uncertain. The pups are generally free : their abdominal spiracles are 
very small, and the breathing is done through two long horns which bear 


the thoracic spiracles, 
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ic ] sat the family in India is slight. They are 
The economic importance of the family n g : 


jerhaps efore to be encouraged 
predaceous, and perhaps therefore to g 


tawtly peaches its max! al ance in temperate regions 
The family reaches 1ts maximum abund Pp gions, 


and two or three hundred species are already known from Europe and N. 


In India Psilopus seems distinctly the dominant genus and its 


America. 
s extremely common on broad leaves. Van 


members are in some district 

der Wulp includes seven Psilopus and two Dolichopus in his lst. A 

species of Psilopus is figured on Pl. LXII. 

PHORIDA. 

Small flies, generally black or yellowish. H ead small with bristles pointing 
backwards, antenne very short with long arista. Thorax much 
rounded and hunched. Wings sometimes large, sometimes small, 
with characteristic venation. Coaw and hind legs rather long, hind 
femora often flattened or enlarged. 

These small hump-backed flies are often seen running about on 
leaves or windows, and are very common all over India, though perhaps 
less abundant in the plains than in the hills. 
The venation is peculiar (Pl. LIX) and the 
real systematic position of the family is in 
doubt. The eyes are wide apart in both 
sexes, but the abdomen of the female is een- 
erally more or less pointed, while that of the 
male is more often swollen at the end. The 
larvee (Pl. LXV, fig. 10a) are rather flattened, 
often with pointed processes, and sometimes 
a breathing-tube at the tail end; they 
are found in all sorts of decaying matter 


and are also occasionally parasitic on living 


Insects or their larve. One species 
7 ; oar f “? Figo. 400—TRINEURA ATERRIMA 
po Cleghorni, is said to have been (SIMLA) x 8. (AFTER 
ound asa parasite on T'rycol |: aie 
I Lrycotyga bombycis, a 


Paes Peace eerie | 
ee fly, which is itself a parasite on the true silk-worm Bombyx 
morr (1. M Notes aS 
as ie ee Several curious wingless Phorids have been 
recorded as liv : 

( : as ‘ving in ants’ nests in various parts of the world 
(fig. 402). The pupa has two t¢] : 3 

horacic breathing-processes or tubes 


which protrude from the , 
0 | ; € 1 = > ° . . . 
enclosed (fp. 401) d larval skin within which it lies 
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This small family is useful in the scavenging way, and it is 
necessary for the student to be familiar with the flies, since the larvee 
breed in almost any situa- 
tion where they can get 
decaying vegetable matter, 
and owing to this they are 
often mistaken for pests, 
because they may have 


Fig. 401—PHORID PUPA FROM A DEAD been found feeding on’ a 
damaged plant: in reality 


COCKROACH x 16, 


the mischief was done by some 
other insect and the Phorid larve 
have merely come in afterwards to 
clear off the remains. | 


The European Phoride have 
been monographed by Becker (Abh. 
Zool-Bot. Ges. Wien., Vol. I, 1901), 
and more recently the whole family 
has been dealt with by Brues (Gen. 


: Fig. 402—TERMITOXENIA HEIMI 
Insectorum, Phoridee). The latter WASM. ENLARGED. A WINGLESS 
includes the following six species FHORID INHABITING THE NESTS OP 
i TERMITES IN INDIA. 
as Indian: there are certainly (After Brues.) 
many more. 


Aphiocheta  apicalis, Brues, Bombay. 


_ limbata ¥ India. 
f tibialis * ” 
93 pulicaris ,, Asia. (2) 
Chonocephalus similis _ ,, India. 
Termitoxenia heimi, Wasm. +, (in termites’ nests), 
LONCHOPTERID&. 


Small flies, with short antennae, 3rd joint simple, with aterminal arista. 
Wings shaped like a leaf or spear-head. Venation 
characteristic (fig. 401). 


These little flies all belong to one genus (Lonchoptera). They are com- 
mon in England about the grassy margins of brooks, but little is known 
of their life-history, which appears in some respects peculiar. They look 

Ith 39 
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of the small Acalyptrate Muscoids, but the shape of 


, cg 
rather like some 
arison of the venation (fig. 403) will separate them. 


the wings and a comp 


Fig. 403—LONCHOPTERID WING, 
(A fler Comstock. ) 


They are of no economic Importance, and have not yet been found in 


India. 
CYCLORHAPHA ASCHIZA. 


SyRPHID. 


Small to rather large flies, often brightly coloured, sometimes furry, 
never bristly, usually polished. Male eyes often touching, always 

closer together than in the females. A “false vein” 
always present between Radius and Media. 


nearly 


From an esthetic point of view this entirely beneficial family is 
perhaps the most attractive of all from the beauty and diversity of form 
and colour represented among its members. Something like three 
thousand species are known from all over the world, but Van der Wulp 
records only sixty-seven from India, a number which very inadequately 
represents the truth, as the flies are abundant in the hills though in the 
plains the species are often rather noticeably few. This is probably 
owing to the comparative scarcity of flowering plants: since the Syr hids 
are essentially flower-flies ; in gardens one may see ogee at any ae oie 
fi te ee vheir ee polished bodies, surrounded by an 
Hea an, The Stat motionless above a flower. If disturbed, 

' n an Instant only to reappear hovering i 
g in some other spot, 


and this mastery 

, cera ee flight is very characteristic of the family asa whol 

earning them their English name of “‘ Hove He y asa whole, 
| r-flies.”’ 


Though tk 
the Ne eet of life of the adults of different species is very uni- 
J d on the pollen or nectar of flowers), the habits of th 
rs), the . he 


larvee are e llv di 
ually divers | 
eee: of erse. A few live in stems ox bulba. uel Gee eak 
any In rotting vegetable or animal matt the | Si. a grea 
Evristalis and oth a aK. ) ter; the larve of the genus 
US hers live in w / genus 
Vater ‘ : 
or submerged in wet filth, and have 


«* 
‘ : 2 ‘ 
es 
* 
a, 
gs 
* 

‘ 


” 


ad Figs, 7, 8, 9, 10° are slightly larger tha natu 


PLATE LXIV.—-Lire Hisrory oF ey ee 


) 


10, 


1 
2 
3 
4, 
° 
7 


a? 


Egg. 


Young larva, 


Full-grown larva, x 8. 
Pupa on leaf. 


Fly. 4 a 


Wheat plant. 
. “Egg laid among wheat aphis. 


Pupa. 


bs 


x 45, 


x 6. 


Larve feeding on aphis. 


& 


e® 


as -¥ 


a 
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their breathing stigmata at the end of very long extensible tubes soa as 
to reach the surface while the animal is feeding below (fig. 404); the 
larvee of Volucella live in the nests of bees and 
wasps, possibly playing the part of scavengers 
there, and the extremely close likeness of some 
of the adult flies to bumble-bees is one of those 
facts of resemblance which lack a satisfying 
explanation. The very curious round flat larva 
of Microdon, the fly shown on Pl. LXV, fig. 6, 
similarly lives in ants’ nests, but the ants have 
been observed to actively resent the presence 
of the ovipositing female. Flies of this genus 
are not rare in the hills, and here again the 
likeness to a bee found in the same locality is 
noticeable. The chief interest of the family 
economically lies in the fact that the larve of 
a number of Syrphids feed exclusively on the 
Aphide which do so much damage to plants 
of various kinds. The parent fly may some- 


times be seen hovering about and laying its 
See eggs on plants infested with Aphids. The egos 
are long, oval, rather larger at one end, and are 
Fig. 40$—PUPATING LARVA often adorned with a sculptured pattern. The 
OF ERISTALIS. (x 2.) 
larva (Pl. LXIV) has a thickish often rather 
transparent body tapering in front, generally with the posterior stigmata 
at theextremity of a short thick tubular excrescence, and a small very 
mobile eyeless head which moves here and there in search of food in the 
shape of Aphids. The creatures possess a very large appetite, and the 
work of destruction accomplished by them must be far from insignificant. 
When the larva is full grown the larval skin hardens and forms a case 
or puparium enclosing the true pupa, and from the head of the latter two 
little horns usually project through the outer case. Though the fracture 
of the puparium is Cyclorhaphous, it appears that these flies do not use 
the ptilinum to push off the top plece as do the Muscoids, and the 
well-marked frontal suture of the latter is not present, there being only a 
small triangular area above the antenne, often quite inconspicuous, called 
The pup of the aphis-eating Syrphids may not 


y) 


the “ frontal lunule.’ 
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uncommonly be found upon or under the leaves where they have been 
feeding, or on the earth below, and of the others also the pupe as a rule are 
t where the larve lived. The flies them- 


found at or very close to the spo 
family owing to the presence 0 the 


selves are easily put in their proper 
“ false vein” shown on PI. LIX. Their colouring is generally rather 
striking, and often includes yellow bands or stripes. Many of them 
resemble Hymenoptera, often very closely. As mentioned above, 
there are a large number of genera and species in the hills, and many of 
these are listed by Brunetti (Ind. Mus. Rec.), while a mass of valuable 
-nformation on the European species is to be found in Verrall’s “ British 
Flies.” to which the student is referred. 


PLATYPEZIDZ. 

Small flies, not bristly, with hind tarsi of the males enlarged or ornamented. 
Head as broad asthe thorax. Eyes touching inthe male, sometimes mM 
the female. Two first joints of antenne short, 3rd longer, with terminal 
arista. Basal and anal cells short. Posterior cross-vein sometimes 
absent (7.e., there may be no closed discal cell). 

These curious little flies are generally looked upon asrarities in 
Europe, but they are not very uncommon in the plains during the rainy 
season, and from the fact that the larve appear to livein rotten fungus 
one would expect to find that they occur even more frequently in the hills. 
In the plains they may sometimes be seen running on broad leaves under 
trees, travelling round and round in little circles, and expending a vast 
amount of energy without any obvious purpose or perceptible result. 
In their way of moving and in their colour and general shape they some- 
what resemble Phoride. The family is quite a small one, and of no 
economic interest. A species of Platypeza from Mussoorie is figured on 
Pl. LXVI. The student should refer to Verrall’s “‘ British Flies” for 


information on the European species 


PIPUNCULIDA. 

Small flies, not bristiy. Head very large and round, mostly made up of 
the eyes, which touch in the male. “ira Aa Z ond em 
pointed at the end with a dorsal arista. Bomnale. compete ae 


sees: Wings long. 1st posterior cell nearly closed. Basal and 
anal cells long, the latter closed near the margin | | | 


The r rably 
emarkably large eyes and head of this family, together with the 


long wings Jer j 
i tie a. ae easily recognisable, Their life-history is 


~ 


a 


a 


NOT Rw 


& 
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PLATE LX V.--SyrpHipa, ETC. 


Helophilus bengalensis. x 2) ae 
Paragus serratus. x 2 as 
Lycastris albipes. x 2% 
Baccha sp. x 2 Syrphidee. 
Megaspis crassus. x 2 
Microsdon sp. | x 2 
Eristalis eneus. x 2 
Pipunculus sp. (Pipunculid). x6; 
Platypeza sp. (Platypezide). x 8. 
Aphiocheta sp, (Phoride). — x 8. 
; \ Larva and pupa. x.8, 
Conops erythrocephala. : 
(Conopide), x 2 
>: S 
8 ake = 
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interesting economically, as they are parasitic upon Rhynchota (especially 
Jasside and Fulgoride) in whose bodies the small thick oval larvee live 


until full grown ; they may then force their way 
out between the thorax and abdomen and fall 
to the ground, where they hide themselves 
and turn to smooth black puparia (fig. 406). 
The flies themselves are generally caught 
by sweeping flowers and undergrowth, and 
though owing to their retiring habits they are 
not often seen they are really not uncommon 


? in the plains, while in the hills they can be 

Fig. eee or found in fair abundance when looked for. 
PIEONCULUS. Though they fly with none of that flash- 
ing rapidity characteristic of Syrphids and 
Bombylids they are certainly not inferior to these two families in their 
extraordinarily accurate control over their flight, which is probably 


(Afler Perkins ) 


unsurpassed by any insect. When seek- 
ing their prey among grass and other 
herbage, their irregular and wandering 
flight may easily cause them to be mis- 
taken for small Hymenopterous _para- 
sites, but their faculty of hovering ina 
confined space is remarkable. We have 
sometimes imprisoned them in glass 
tubes (3-# in. wide by 3 in. long) for the 
pleasure of witnessing an exhibition of 
this power : they will repeatedly hover 
from end to end of this small space 
without apparently ever touching the 
glass, or will remain with the body 
quite motionless, suspended in the 


Fig. 406—PIPUNCULID puPARIUM 
(xabt. 12) & DraGRam or Hopper 
TO SHOW POSITION OF PUPARIUM 
IN THE BODY. 

(After Perkins.) 


middle of the tube. According to Jenkinson (Ent. Mo. Mag., 1903, 
p. 222) the female poises herself thus before she darts at and seizes the 


victim in whose body she will lay her eggs. 


In view of their specialized parasitic mode of life it is interesting 


to compare these flies with the Asilide@ and Empide, which also hunt 


their prey by sight. In all three families we find big eyes set in a very 
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mobile head, small antenne, large wings, and particularly strong legs 
with well-developed clawed feet ; all these structures are helpful in 
detecting and seizing a victim. Pipunculids, however, want merely to lay 
eggs in their victims, while Asilids and Empids require theirs for food, 
and this difference in habit is reflected in the differing structure of 
the mouthparts, which are large and beak-like in the two predaceous 
families, but are extremely small and ill-developed in Pipunculids. The 
Pipunculid ovipositor, on the other hand, is particularly well developed, 
being large and strong, a sharp curved piercing organ. The family is small 
but widespread, comprising practically only one genus (Pipunculus) 
of any importance, and of this perhaps a hundred species are known. 
Kertesz catalogued the species known up to 1900 (Termesz. Fuzetek, 
XXIV). Becker has monographed the European forms (Dipterologische 
Studien V. Berl. Ent. Zeit. 1897), and Verrall (‘‘ British Flies ”) gives 
full information as to British species, while Perkins has since then 
described a large number of new species from Hawaii (Hawatian Expt. 
Sta. Bull., | Pt., 4. Div. Ent., 1905) and from his paper figs. 403 and 
404 are copied. Brunetti (Rec. Ind. Mus.) has described some Indian 
species, but little is yet known in this country of the family as a whole ; 
they are by no means rare, and observations on their life-histories would 
be of much interest. An undetermined species is figured on Pl. LXV. 


CYCLORHAPHA SCHIZOPHORA. 
Muvscorps.* 


Antenne 3-jointed, the third joint simple and bearing a bare or hairy 
dorsal arista. Frontal Suture present. Proboscis generally short 


with broad labella, sometimes pointed and horny (as in Stomoxys), 
occasionally absent or rudimentary (as in Oestride). Palpi never 
jounted. Never more than one submarginal and three posterior cells ; 
hehe and submarginal cells never closed » basal cells small ; 2nd 
es seine not separated from the discal. Subcosta sometimes 

y maistinctly separated from R,. The empodium small or absent. 


Under the t ‘" Musenida? 
| r the term ‘‘ Muscoids we include a vast number of flies of 
which the true Muscide ( 


Misi the house-flies and their nearest relations) 


* We shall speak 7 7 = a aan .72- 0 ty 
Shall speak Of the subedivig; 
** Trypetid@,” &e.) as * Mee Gee pcs of the Musceoids (e.g., the ‘ Anthomyide,” 
realised that they do not comr * giving them the termination “ide.” but it should he 
for instance, the Zabanide op Poy ee of distinction with such true families as, 
contain so many species t] *felodvde, and it is only for con i S 

yur S the ine. : veni ray se 7 

: dat they are commonly given a ane above ‘* Se ee 
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form only an inconsiderable portion. The whole group is sometimes 
also known as Muscaride, Muscide, or as ‘‘ Muscide sensu lato ’’ 
(sensu lato meaning ‘‘in a 
wide sense,’’ or ““ speaking 
broadly ’’) as opposed to 
‘* Muscidee sensu. stricto,’’ 1.€., 
the family Muscide (House- 
fliés,  etc.). . The primary 
division of this unwieldy 
assemblage of species is based 
principally on the distance 
between the eyes in the male 
as compared with the female, 
the size of the squame, and 
the shape of the lst posterior 
cell. This gives us two large 
groups. In the first the eyes 
in both sexes are wide apart, 


Ist posterior cellis almost 
Fig. 407—HEAD OF MUSCOID FLY (FROM the Is ie ; 
TOWNSEND). VY. VERTEX, F. FRONT, L. FRON- always qulte open, and the 
TAL LUNULE S. FRONTALSUTURE. A. THIRD ‘ 
JOINT OF ANTENNA. PL. PALPI. P. PRO- squame (especially the lower 
BOSCIS. 
squama, occasionally called 
a ““calyptron’’) are generally very small or absent. These are the 
Acalyptrate Muscoids. Many of them are injurious to plants. 

In the second large group the eyes in the male are nearer together 
than in the female; the Ist posterior cell is almost always much 
narrowed or closed, and the squame are large and well developed. These 
are the Calyptrate Muscoids. Many of them are injurlous to animals. 


The view most generally taken is that the Acalyptrates represent 
a less highly-specialised condition than do the Calyptrates. The two 
groups are certainly closely related, and though the family 
Anthomyvide is generally included in the Calyptrates, because the 
squame are well developed and the male eyes are frequently near 
together, it has the Ist posterior cell quite open as in Acalyptrates, 
and in some other respects shows that there is no real line separating 
the two divisions. Because of this open Ist posterior cell, a character 


easily recognised, and also because many of the larve live after the 
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Acalyptrate manner 1n roots ot plants and similar places, we have 
here included the Anthomyids among the Acalyptrates, for the 
Probably the family 1s really best placed 


convenience of the student. 
ate between Acalyptrates and 


by itself, in a distinct division intermedi 
Calyptrates. 

the flies inthe first big group (the Acalyptrates) 
are small, often very small. The extremely common little flies which 
are so often seen hovering about a plate of bananas or other fruit are 
typical Acalyptrates (Drosophilide). The adult Acalyptrate flies are 
usually harmless, and a large number of the larve are beneficial, feed- 
ing on decaying vegetables or in dung, and thus acting as scavengers. 
On the other hand, many of the larve live in the stems or fruits of plants, 


or are leaf-miners, and sometimes do much damage. 


As a general rule 


The flies in the second big group (the Calyptrates) are often 
medium-sized or rather large flies, most of them with a strong family 
likeness to the common House-fly or the Blue-bottle, both” of which 
are typical Calyptrates. A large number of the larve are scavengers, 
especially the Muscid@ and Sarcophagide, and the maggots of both 
these families sometimes breed in living flesh, as in cases of Myiasis : 
the commonest mode of life among the Calyptrates, however, is that 
of parasitism, and this is practically universal among the Tachi- 
nide and Oestrida. The pecuniary loss caused every year by the 
attacks on cattle of the larve of the ‘‘ Warble-flies ’? (Oestrid@) must 
be very considerable. The ravages of the other two families are 
happily almost entirely confined to insects, the larve feeding especially 
on living caterpillars, and constituting ‘an invaluable check on the 
srqaertenipriorntont 
habit to be regretted by mankind cee 2 ae at baie 
fault for domesticating the ie aie oe x a ot cs 
Beate aes orm. The few biting ” flies among 

y special interest in view of the part some 


at least of then a 
aes spreading among men and animals diseases due 


to th i : 
ose minute blood parasites called <<‘ Tey pnnteaeee ae 


danger “ amie of food with enteric and other germs, owing to th 
resence in kite j : e 
p e in kitchens and houses of flies which habitually settle a dung 


and other filth, thou 
; ghat present not f 
Seeds ully realised, has been proved to 


“<2 


nae 


3. 


z 


pupa and imago x 12. 


egg, larva, pupa and imago of Dacus. 
and imago x 4. a 


The larva, pupa and imago of thélligesty x 5, 

The egg, larva (with its posterior spiracles), pupa and imago of a 
Chloropid ( Merochlorops) from plantain. 
andimagox 8, 7 


Egg x 16, larva, pupa 


Egg x 50, larva, pupa 
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The classification of both Acalyptrates and Calyptrates is in an un- 
settled condition, as various authorities interpret in different ways the 
systematic value of the sub-divisions and assign them different limits. 
The boundaries of the “families” are of an indefinite nature, and correct 
identification is often a matter of very considerable difficulty. The 
table given below will, however, enable the student to arrange in order 
the majority of the Muscoids with which he is likely to meet. 


ACALYPTRATES. 


Hymenopterous-looking flower-flies, usually of a 

fair size, with broad head and generally long 

antenne proboscis and abdomen, the latter 

swollen at the end. Ist posterior cell distinctly 

narrowed or closed ee Be .. Conopids. 
Flies with very long awkward legs, long body, 

Ist posterior cell narrowed or closed. Wings 

generally with dark markings i .» Micropezids. 
Small shiny black purple or orange coloured flies 

with narrow waist, generally found near excre- 


ment. Wings often witha spot .. .. Sepsids. 
Kyes on horn-like projections .. Diopsids. 
Small bare flies with thickened erteck and very 

large scutellum ee .. Rhopalomerids. 
Look like Chrysomelid beetles ae .. Celyphids. 
Small sea-shore flies with flat nea thorax and 

bristly head... Phycodromids. 


Small dung-flies with Ist hind tarsal Fait flat ae 
shorter than the 2nd, and with characteristic 
venation ei ay ee DOrporids. 
Small decay-flies een arista plumose on the 
upper side (generally with only a few long hairs), 
and the lowest bristle on the front pointing 
downwards... re e .. Drosophilids. 


Not as above. 
A.—Sub-costa entirely absent or incomplete, or not 
having its junction with the costa distinct. R, 
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generally not reaching as far as the middle of 
the wing. 

|. Ind Basal and Discal cells not separated by a 
cross-veln. 

Small generally yellowish or black flies, fre- 
quently caught by sweeping grass. Sub-costa 
absent. Fronto-orbital bristles and vibriss 
usually absent ; anal cell absent 

Small often greenish-grey or brown flies focal 
on or near water; predaceous, mouth-opening 
often very large. No vibrisse, and anal cell 
absent or indistinct. Fronto-orbitals frequently 
present. Sub-costa absent 

2. 2nd Basal and Discal cells nearly always 
separated by a cross-vein. 

Small often grey or silvery flies, as a rule 
vibrisse present. Aristal hairs never very 
long. 2nd basal and anal cell often very 
small, but distinct, cross-veins generally near 
together 


Often fair-sized fruit-flies, partly coloured yellow, 
wings with dark marks or spots. Lower fronto- 
orbitals present. Sub-costa turning up sharply 
and ending indistinctly before joining the 
costa. No vibrisse or pre-apical bristles. Anal 
cell very often drawn out into a long point. 
Ovipositor rather long 

Not very small flies. 
long, oval in shape. 
fused with R, : 
Vibrisse absent. 


Abdomen generally black, 
Subcosta more or less 
Antenne sometimes long. 


Anal cell not d Ww 
ra 
ae n out into 


| distinct, ending distinctly in 
costa. R, generally reaches at least as f 

the middle point of the costa. he 
1. Vibrisse absent. 


B.—Sub-costa present, 


Chloropids. 


Ephydrids. 


Agromyzids. 
(Geomyzids). 


Try petids. 


Psilids. 


2. 


CALYPTRATES, 


Wings sometimes clouded. Mostly shiny black 
or yellow flies. Head broad; 1 or 2 fronto- 
orbitals. Anal cell rounded ec 

Wings nearly always spotted or marked. Only 
upper fronto-orbitals, and no preapical bristle. 
Ovipositor horny. Anal cell generally more or 
less pointed be ie A 

Wings often marked or spotted. Fronto-orbital 

Ovi- 


2nd antennal joint gen- 


sometimes present. Preapical present. 
positor not horny. 


erally long. Frequent damp places 
Vibrisse present. 

Small flies with rather long bodies, the anterior 
and posterior cross-veins quite near together, 
R, not reaching to the middle of the wing 

Costa with short hairs and long bristles, tibiwe 
with spurs and preapical bristles 

Generally bristly grey or blackish flies, often 
predaceous and found about excrement or 

Abdomen a little elongated, 

having at least 5 visible segments. 

spine. 


near water. 
No costal 
Lower squama small, often not visible 
from above. Male & female eyes wide apart 
Blackish, grey, or brownish flower-flies with 


abdomen of not more than 4 or 5 visible 


segments. The lower squama large as a rule, 
rarely hidden by the upper. Male eyes gen- 


erally closer than female ; arista variable 


CALYPTRATES. 


Arista almost always with hairs along its whole 


length at least on one side, basal part of 


abdomen not bristly 


Arista bare on the distal and hairy on the basal 


part ; basal part of abdomen rarely bristly .. 
Arista bare along its whole length, abdomen 


often very bristly 
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Sapromyzids. 


Ortalids. 


Sciomyzids. 


Heteroneurids. 


Helomyzids. 


Cordylurids. 


Anthomylids. 


Muscids. 
1 : Ee 
Sarcophagids. 


Tachinids. 
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hurr oad and face 
Body nearly bare, or furry, head and fa 


QT 4 € € nne Ver 
rather large, mouth-parts and ante y 


, Oestrids. 
sma 


We have included O¢estridw among calyptrate muscoids, though 


they are better regarded as a separate group, originally composed. of 
several muscoid types and now much specialised for a parasitic 


existence. 


CONOPIDA. 


Rather elongate flies, abdomen often with a distinct waist, the tup some- 
times thickened and turned under. Head large and broad, the eyes 
well separated in both seaes. Antenne 3-jointed, prominent, with a 
dorsal arista or a terminal style. A slender, often jointed, proboscis, 
wings often coloured ; anal cell closed ; 1st posterior cell closed or 
nearly closed. 


The Conopide are unlike most of the other acalyptrates in having 
the Ist posterior cell often closed, and partly for this reason they are 
frequently classed with the Aschiza ; they have, however, a ptilinum 
and frontal suture which indicates that they are really Schizophora. 


These flies are usually fairly large, and are found about flowers, 
where they are easily mistaken for Hymenoptera. Their bodies are 
usually devoid of bristles or noticeable 
hairs, but often bear a glistening coat of 
short golden pubescence, and are fre- 
quently coloured rather conspicuously 
with yellow, reddish brown, or black. 


Their flight is not particularly rapid. 


7 = E . ; Fig. 408—Conopip LARVA 
Kconomically they are of some slight in- ae ee 


terest, as they are parasitic on Hymen- 
ee suoh as Wasps and Bumble-bees, and also apparently on 
ocusts (in 1¢ Ac : me fs : 

(in America). According to Williston, the Conopid chases 


the bee and lays an egg upon its body during flight. The larva on 


hatching burrows into the abdomen of the bee, where it remains. and 
pupates, the adult fly emerging 


from between the abdominal segments 
of its unfortunate host. 


As arulethe larve are oval and rounded, 


with distinct segments, on the last of which are two large round 
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stigmatic plates (fig. 408). The family is rather a small one, 
and its members do not seem to be very common in the plains, though 
more frequently met with in the hills. It is not likely that they occur 
in sufficient abundance to act as an efficient check on the species 
parasitized. A widely distributed Indian species is shown on 


Boe eee fine Al, 
BORBORIDA. 
Small or minute blackish or brown flies. Antenne short, 3rd joint round, 
with a bare or pubescent arista. Legs rather strongly develaped, 
hind legs with first tarsal joint broad and shorter than the second. 


These flies are scavengers in the larval state, living in dung and 
other decaying matter. They are common in many localities in the 
plains as well as in the hills, and may some- 
times be seen in great numbers about their 
breeding-places. I have caught them also in 
the house, where, owing to their unpleasant 


habits and the consequent risk of food infec- 


Fig. 409—WING OF BOR- . . ; ; 
sia (x 12.) tion, their presence is the reverse of desirable, 


but they do not seem to be at all common in 
houses, and probably this instance was exceptional. The unusual 
structure of the first hind tarsal joint makes them easy to recognise, 
and their venation also is usually characteristic (fig. 407) the veins 
being often short and thick and giving the wing an appearance which 
reminds one rather of the Hippoboscide. Otherwise the flies are 
generally much like the Hphydride in colouring and general shape. 
There are certainly many species in India, though Van der Wulp 
includes only one (Limosina punctipennis, Wied.) in his list. 


AGROMYZIDA. 


(Including Geomyzide). Small or very small flies generally blackish, 
grey, or silvery. Front broad with or without bristles. Antenne 
short, arista bare or pubescent (absent in Cryptochatum, sometimes 
plumose in Geomyzida). Anal cell present ; cross-veins often near 
together, posterior cross-vein sometimes wanting. Vibisse generally 
absent in Agromyzide, generally present in Geomyzide. 

These little flies are often difficult to distinguish from those of 
neighbouring families, especially the Chloropide and Drosophilde, 
All three families are yery abundant in India. 
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ae vat-miners or live in stems, but have also 
The larve are typically leaf-miners or Lv : cae 
been found in the galls of other insects, while some of them probably 


ian species of nus Leucopis 1s known to 
live in fungi, and one Indian species of the genus Leucop 


. ‘aki =) (ee “ . om 
be predaceous, feeding on scale insects. They are, like most of the larva 


of Acalyptrates, small white maggots with horny mouth-hooklets but 
no definite head, the body rather thick at the hind end and tapering to 
a point in front. Some very common and beautiful flies of this ad 
may often be seen hovering like little silver fairies in and out of the 
shadow of tree-trunks. They have the abdomen greyish white and 
shining, like metallic silver (Pl. LXVII, fig. 1), and have been bred 
from larvee found in stems of Gurur. 

There are three Agromyzids which are known to be important to 
the agriculturist ; they are the Tur-pod fiy, the Pea-stem fly, and the 
Cruciferous Leaf-miner. The 
Pea-stem and Tur-pod flies are 
figured on Pl. LXVII, figs. 2 & 3. 
The latter is a very black little fly 
whose eggs are laid in the setting 
flowers of Tur (Cajyanus Indicus). 
The larvee on hatching eat their 
way into the green seeds, forming 
a ring-like track round the seed, 
and after about a week they 
pupate within the pod, generally 
outside the seeds ; the fly emerges 
in afew days, the whole life- 
history occupying a fortnight or 
less. Affected pods usually have 
a somewhat twisted and distorted 
appearance (fig. 409). A slender 
blue-green hymenopterous para- 
site attacks the fly, but to what 


extent it is effective as a chee] 


x 


is not yet known. The Pea-stem Fig. 410—Pops or casanus INDICUS AF% 


: aha, : FECTED BY THE TUR-POD AGROMYZA 

Bae a eaerd. os : » TOR-POD AGROMYZaA. 

y is very similar in general | nas PARIUM IS LYING AT THE TOP OF 
THE RIGHT-HAND P 

appearance to the Tur-pod fly asad cern 


but is dark metallic o 
j s , L€ 1¢ oreen ine | : m , ! 
© 0 our. Che larvee r} a} ar yf | > 
, which are ol the 
usual type, attack tl : 


1e stems of v fy \taee ow : 
ns of young pea plants at a point level with 
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the surface of the ground, causing the plant to wilt and the stem to 
decay. No parasites have been found, and collection and destruc: 
tion of affected plants as soon as possible after the pest is first 
observed is the only generally applicable remedy. Owing to the 
short period occupied by the life-history early action is necessary if 
it is to be of any use. The larvee of a third fly, the Cruciferous Leaf- 
miner, as the name indicates, mine the leaves of Cruciferous plants : 
the flies belong to the sub-family Geomyzine (often separated from 
the Agromyzids as a distinct family Geomyzid@) and are grey, somewhat 
bristly little flies with large wings. They are of less importance than 
the Tur-pod and Pea-stem-flies (fig. 411). 

An Agromyzid (Cryptochetum), remarkable and easily identified 
by the absence of the usual arista on the third antennal joint, is an 


4 


the more familiar 
(Chloropid) eye-fly 
which is sometimes so 
troublesome in the 
| house: nothing is 
known of its habits 
except that it is found 
often sitting on stems 


and leaves or In crevi- 
Fig. 41]. PUPA OF LEAF-MINING PHYTOMYZA. x 2. ces in tree trunks in 


small groups of half a dozen or so individuals. It is perhaps note- 
worthy that this little fly will live, when enclosed in a corked tube, 
considerably longer than any other kind of fly I have ever observed. 


DROSOPHILIDA. 

Small chubby flies often with large light red eyes. Sub-costa absent 
or indistinct ; 2nd basal and anal cells usually not separated ; anal 
cell small, indistinct or absent. Vibrisse usually present ; 3rd 
antennal joint rounded ; arista plumose, the hairs generally few and 
long. Lowest fronto-orbital bristle often pointing downwards. 

The members of this family are extremely abundant in India, and 


it is only necessary to expose some over-ripe bananas or other fruit in 
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order to see them come hovering round it. The species of Drosophila 
, India is shown in all stages on Pl. LXVI. 
far as | know, the shortest 
h a complete metamorphosis. 


which is commonest in Nother 
The fly is interesting as having what 1s, as 
life-history yet recorded for any insect wit 
Though most abundant in the rains, 1t appears to breed all the year 
round. In one instance under observation the flies paired at 8 A.M. on 
August 31st, remaining coupled for eleven minutes, and the same even- 
ing the female laid thirty-nine eggs on some half-decayed bananas. On 
the afternoon of September 2nd the male fly died, and at 11-30 a.m. on 
the following day the female died also. The eggs had hatched during 
the evening of September Ist, the larvee all pupated on the 4th and 5th, 
and on September 7th the flies emerged : the whole life-history may thus 
be passed through within a week. Such rapid multiplication not only 
quite explains the abundance of the flies, but affords a very instructive 
example of the effective working of those conditions and influences 
which together make up what is called the ‘‘ balance of nature *’and 
tend to prevent the too great increase of any one species of animal. We 
will assume that these flies have thirty broods a year, each brood 
consisting of forty eggs, of which all develop to maturity, half males and 
half females; a simple calculation will show that at this rate the 
progeny of a single pair would at the end of a year reach an appalling 
number. If they were packed tightly together so that each cubic inch 
of space contained a thousand of them, they would very easily cover the 
whole of India, from Kashmir to Cape Comorin, from Karachi to Cal- 
cutta, with a solid cake of flies a hundred million miles thick, or would 
coat the whole world with a layer of insects a million miles in depth. 
And yet as it is we do not particularly notice them. 


Owing to their fondness for fruit they are sometimes taken to be 
harmful fruit-flies by those who do not know their habits, but they are 
in reality beneficial, as they seem never to lay eggs in any but bruised 
or over-ripe fruit. The eggs themselves are beautiful objects, and the 
curious horns or processes which they possess appear to act either as 
breathing-tubes or as Supports to prevent the egg from sinking too dee 
in the decaying pulp in which itis usually laid. The Indians a ha ‘ 
not been studied ; the genera known to me Dre 
Curtonotum, and A 


forms, OC 


ee at present are Drosophila, 
s ; pace : 
., steva, the first two including most of the common 
rtono 3 oe 
nolum 1s very common in the hills. The fact that some 
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PLATE LXVII.—ACALYPIRATE Mvscorps. | 


1. Balioptera fae (Agromyzide), x 10. 
2, Pea-stem Agromyza. 4 x 16. 
3. Tur-pod dgromyza. is x10) 
4, Brachydeutera sp. (Ephydride). x 6. 
5, Ulidia wenea. (Ortalide), x 6. 
6. Celyphus fuscipes. (Celyphide) x 6. 
= psis (indica? Wstw.) (Diopsidee). x 6. 
8. Sepsis sp. (Sepside). x 6. 
9. Calobata indica. (Micropezide), xo, 


10. »Scatophaga stercorarva ; the upper figure shows the male, ae 


lower, the female. (Cordyluride). ; als Dae 


as ae 


oe 
+ 
oe 
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. Drosophilids breed in dung and other filth, and are fond of sitting on. 
or near it, render them liable to carry disease germs and go infect food. 
The interesting discovery has recently been made that a Drosophila 
harbours trypanosome-like parasites (Chatton and Allilaire, Comptes 
Rendus del’ Acad. Sci. Fr. 1908). Several other insects are known to 
harbour microscopic protozoal parasites more or less similar to those 
which cause various diseases of warm-blooded animals, a fact which 
should be taken into account in any researches on the transmission of 
disease through the agency of insects. 


HPHYDRIDA. 3 | 
Small greyish or brownish flies. The round mouth-onening and the 
head often large. Antenne short, arista bare, or pectinate on the 
upper side. Anal cell rudimentary, discal and 2nd basal united. 
The family, while economically of some slight importance owing to 
the fact that the adult flies are predaceous and abundant, is interesting 
because of the often curious shape and mode of life of the larvee. These 
are found in decaying vegetable stuff, in dirty and stagnant water, in 
salt or brackish pools (sometimes in countless numbers), and even in 
waters so charged with alkaline salts as to be apparently uninhabitable 
for other living animals, the larve and pupe occurring in such 
extraordinary abundance in this unpromising situation that they were 
largely used by the natives of the country for food (Williston). 
As in several other predaceous insects, some of these flies (the genus 
Octhera, which occurs throughout Northern India) have the front femora 
very large and flat, the lower edge being armed with rough spines which 
hold fast the prey, while the fly sucks its juices. PI. LXVII, fig. 4, 
shows a species of Brachydeutera which is apparently common all over 
Northern India, the eggs, larvee, and pupe being found in tanks and 
puddles, on whose surface the adult flies walk about seeking the small 
insects on which they feed. The larve are vegetable-feeders, and the 
family is thus a distinctly beneficial one, the larvae being scavengers, 
the adults insect-killers ; I have seen even small Tabanid larve attacked 
and destroyed by these flies. The curious form of the pupa shows in 
an exaggerated degree a type similar to that exhibited by certain 
Drosophilid pups, and the Ephydrid@ are closely related to this family. 
Although only three Indian species (Notiphila fasciata, Wied., N. albi- 
ventris and N. imdica, Wied.) are included in Van der Wuip’s catalogue, 
IIL 40) 


DIPTERA. 


there are really a large number, and the remarkable forms and habits 
of many of the larvae should make the study of the Indian Ephydrids 


an interesting one. 
Becker’s monograph (Dipterologische Studien IV. Ephydridee 
Berlin Ent. Zeit. 1896) gives full ‘nformation about this family. 
CHLOROPID &. 


Small shining dark-coloured or yellowish — flies. Head “hemispherical. 


absent. Front broad, sometimes with bristles at 


Vibrisse generally 
ted. No distinct anal cell. 


the vertex. Discal and 2nd basal cell una 
Wings and legs short. No preapical bristle on the tibie. 


The members of this family sometimes do considerable damage in 
Europe and America by the larve burrowing in the leaves of sugar-beet 
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(From Ind Mus. Notes.) 


or in the stems 7 
s of wheat, oats, and other grain crops, while some inhabit 


galls on the st 
g n the stems of grasses. The duration of development from egg to 


1mago 1s given by Howard in the case of an Amer; Chl d 
: merican Chloropi 
three weeks. The flies are common in th oe 


boring Chloropids are not y 
cases of such damage w 


a _ the plains, and though stem- 
i known serlously to damage Indian cereals, 
o 
ea 0 tmprobably be found occasionally to occur. 

ype are extremely difficult to deal with. sites if the fly 


once succeeds in laying its eco n n save the Failing the 
ying its 
eo cs 1g ag ges nothing can save the plant iling th 
esence of efficient parasites little e € Save ear | emoval a | 
S little can be done gs 
: > Sa arly removal and 
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destruction of affected plants and the clearing of any neighbouring jungle 
or grass such as might form a breeding place for the flies. Larva 
which live in the stems of plants are naturally lable to remain unnoticed, 
and the effects due to their presence may be ascribed to some other 
cause. Some Chloropid larve are scavengers, living on decaying vege- 
table matter or on plants previously burrowed or wounded by other 
insects, and Oscinis thee is recorded as having been found damaging tea 
by mining the leaves. (I. M. Notes) (fig. 412.) 


One of the Indian Chloropids has a habit of hovering in an annoy- 
ing manner just in front of one’s eyes, and is known as the ‘‘ eye-fly.’’ 
It is a minute shiny dark-coloured fly, which seems to be particularly 
fond of clinging to hanging strings and ropes. It is not unusual to see 
several hundred of them on a few inches of string hanging from a 
‘* chick,’’ and with the aid of a duster or a lalling-bottle it is easy to 
destroy the entire swarm ; in Europe members of an allied genus (Chilo- 
rops) are also known occasionally to congregate in vast numbers in par- 
ticular chosen spots. A fly similar to this eye-fly is a serious pest in the 
Southern States of America, numbers of them getting into the eyes of 
domestic animals, and they are held in great measure responsible for 
the spread of a disease of the eyes which at times is extremely prevalent 
among children in those districts where the fly is abundant. It is said 
that in the Fiji Islands the spread of a serious eye disease is recognised 
by the European residents as being due to the agency of ‘‘ gnats ’’, 
against whose attacks they protect themselves by wearing veils, but to 
what family the *‘ gnats’ belong is not mentioned. (L. O. Howard.) 

Species belonging to genera allied to Hlachyptera and Chlorops are 


Fig. 413--ANTENN& OF ELACHYETERA (7) 


very common in India. Their antenne are often horn-like (fig. 413) 
and they are coloured in some pattern of yellow and black : they can 
always be found by sweeping grass, in whose stems their larvee probably 
live. 

The stages of a pretty little Chloropid, belonging to a genus closely 
related to Chlorops (Merochlorops ?), are shown on Pl. LXVI. The 
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ys) 


e swathing leaves round the stem of 
plantain-trees and under sissoo bark, and 1s remarkable for the pattern 
of its posterior spiracles. The larvee of this fly were utilised by a native 
‘doctor’? at Pusa in a rather interesting way. The man has a 
considerable reputation in the district, due to his success in curing 
cases of tooth-ache and similar ills. A violent attack of tooth-ache 
(simulated for the occasion) gave an excuse for requiring his services. 
The treatment consisted in rattling a small stick round the patient’s 
mouth ; the operator’s unemployed hand (closed) meanwhile rested above 
a cloth spread on the patient's knees ; at the psychological moment the 
hand quietly opened and the patient’s attention was then directed to the 
fact that the maggots which had been the cause of his pain were success- 
fully removed and lay exposed on the cloth. The operator added that 
he believed one obstinate maggot still remained in the tooth, and that 


larva lives in the watery tissue of th 


this would probably necessitate a repetition of the treatment at a later 
date. Similar but rather less crude methods are adopted by Chinese 
practitioners in the neighbourhood of Bombay. They pretend to suck 
out the maggots from the affected part, using a small bamboo tube. 
Through the kindness of Captain Liston and Dr. Surveyor I got an 


opportunity of examining some of these maggots, and found them to 
be Cecidomyids, apparently from galls. 


CELYPHIDA. 


Scutellum immensely enlarged, covering the wings and abdomen. 
Antenne long, arista flattened. 


These insect 
he at are owing to the remarkable size of the scutellum, look 
pert fate Lae cover Dan appearance of small round-backed 
- the scutellum and general surface of the body is smooth, with 


a more or less x 
Tt netallic coloration, and this increases the resemb] 
1e structure of the antenne a d ican Ga 
/, n 


The flies a 
S appear to be : 
Pp not uncommon insome parts of Heals 
generally found among grass : Sen Eee ee 


history, or of the advantage ane Matias 
) ; J 8, W eft 4 . ° . 
extraordinary structure. a ieee Bc e Ae bse Ce 


of the abdomen is also curious. 


Four species are y 
ecorded f 
Celyphus. Pl. LXVII, f Mn om India, al belonging to the genus 


2 Gy BS. 
5: (OU; represent Celyphus fuscipes, Mq. 
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DIoPSsID&z. 


Sides of the head drawn out into horn-like projections which bear the 


eyes. 


Front femora thickened. 


The remarkable structure of the head makes this small family very 


easy to recognise. One species (fig. 414) is commonly met with in the 


Fig. 414—DI0PsIp (SPHYRACE- 
PHALA HEARSEYANA) x 6, 


plains, sitting about on leaves in shady 
places, but as in the case of the Celyphida, 
nothing is known of the life-history. - The 
exaggerated distance between the eyes may 
very probably give the insect increased 
accuracy in judging distances, just as 
‘* prismatic ’’ field-glasses give an enhanced 
stereoscopic effect, owing to the outer lenses 
being at a greater distance apart than the 
eyes of the user, and this accuracy might be 
useful if the animal were predaceous; the 


possibility that such may be its mode of life is also suggested by the 


structure of the front femora, which is similar to that seen in several 


predaceous flies. Fig. 414 represents the commonest species of N. 
India, and another species is shown on Pl. LXVII, fig. 7. 


PSILIDA. 


No vibrisse. Antenne generally 
long. Lower fronto-orbital 
bristles absent. Abdomen 

Legs 


rather long and thin. 


rather long. Sub-costa ab- 
sent, lst posterior cell not 
narrowed. No preapical 


bristle on the tibia. 


Very little is known of this 
family, beyond the fact that 
some of the larvee live in galls 
Only 


one Indian species is on record, 


or in the roots of plants. 


and the flies do not appear to 


Fig. 415—PSsILID BRED FROM TIL. x 8. 


be very common, the larve are 
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slender, with the posterior spiracles dark coloured and somewhat 
ine fly shown in fig. 415 has been reared from larvee found in the 
bark of Til (Sesamum indicum). 
SEPSIDA. © 
Head round, proboscis and antenne usually short. Abdomen slender, 
narrow at the waist. Male genitalia promnent. Basals and anal 
cell distinct. Sub-costa present or absent. 

The majority of these small flies are easily recognised by their form 
and colour. They are yellowish, shining black or dark metallic purplish 
brown in hue, and the abdomen is thinat the waist, its extremity being 
considerably thicker and generally bent downwards (Pl. LXVII, fig. 8). 
The wings often have a dark spot near the tip. The larve jump like 
those of Trypetide, by fixing their mouth-hooklets in two small notches 
at the tail-end and suddenly releasing them with a jerk, which may 
propel the animal for six or eight inches. They are scavengers, living in 
dung or other decaying matter, and the flies may commonly be found in 
abundance about these breeding-places ; they havea habit of raising and 
lowering their wings as they walk, in a way that conveys an Impression 
of daintiness and affectation amusing to those who know their real 
tastes and habits. In Europe and America, where cheeses are popular 
and smoked or dried meat is often stored in large quantities, flies of the 
genus Piophila (whose larve are known as ‘‘ cheese-hoppers ’’) often 
do very considerable damage to these articles of food. The larve and 
puparium are of the usual Muscoid type, the larva smooth, thick, and 
blunt at the tail end, and tapering away to the head, the puparium 
roughly the size and shape of a small brownish grain of rice, its surface 
rather winkled. The whole life-history occupies about three weeks or 
rather less. 

The | common Indian species mostly belong to the genus Sepsis 
(Brunetti, Ind. Mus. Records), and the flies are very common everywhere, 
though less so =F the plains than in the hills. In any hill-station they 
can be found in very great abundance and would constitute a serious 
eonae to ae health of the inhabitants were they not fortunately 
essentially ** out-door’’ flies. If they were in the habit of settling on 
sewhere, their custom of walking about on fresh 
ure very often to result in infection of the food with 


food in kitchens or el] 


dung would be s 
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disease germs, but we have only occasionally found them numerous in 

and about cooking-places. 

MICROPEZID &. 

Fairly large flies, the body and legs generally very long and slender, the face 
retreating in profile. Sub-costa present or absent, anal cell present. st 
posterior cell usually narrowed or closed. Wings often marked or spotted. 
Very little is known about these curious and ungainly-looking flies, 

although a considerable number of species have been described, of which 

‘> some half a dozen are recorded as having 
been met with in India. Nothing 
seems to have been known hitherto 
of the life-history of any member of the 
family, but fig. 416 shows the larva and 

pupa of a Calobata (Pl. LX VII, fig. 9), 

which has been bred from the decaying 

roots of ginger plants which had been 
attacked by a fungus-disease. The 
elongated reddish pupz were frequent- 
ly found deep in the root, lying in long 
tunnels eaten by the larva, and along 
these tunnels the imago made its way 
to the surface on emerging. The flies 

Wate a xe Puri or Curon are generally found in rather damp 

ee ee aS shady places, sitting and walking about 
on leaves and grass-stems, and they have the habit of holding the forelegs 
straight out in front of the head like antennee, somewhat as in Chirono- 
mide and some Ortalidew. Thereis a structure on the front femora which 
may possibly be some kind of sense-organ and be connected with this habit. 


TRYPETID &. 

Flies of moderate or rather small size, often more or less marked with 
yellow. No distinct vibrisse. Head hemispherical, front broad with 
lower fronto-orbital bristles near eye-margins. Female ovipositor 
usually projecting. Sub-costa runs into costa more or less at right 
angles, and is often faintly defined near the point of junction. Anal 
cell distinct, its hind corner generally drawn out to a sharp point. 
No preapical bristles on tibia. Wings generally with dark markings. 


Economically this is a very important family, as 1t includes several 


serious pests of fruit and vegetables. 
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The flies are as a rule easily recognised from the above description, 


the only ones with which they are liable to be confounded being the 


Fig. 417—WING OF PRYPELLD SHOWING THE 
INDISTINCT SUB-COSTA. 
(After Loew. x16.) 


Ortalide. In these latter, however, there are no fronto-orbital bristles 
(i.e., the front is not bristly all the way down the sides), the sub-costa 
runs into the costa at an acute angle, not a right angle, and is not indis- 
tinct at the junction, while the anal cell, though large, is often very in- 
distinct. The family is of importance because it contains the bulk of the 
‘* Pruit-flies,’’? whose larvee by their presence often render uneatable the 
mangoes, peaches, oranges, melons, gourds and the fruits of various 
other cucurbitaceous plants in which they are most usually found. In 
other countries Ceratitis capitata is a very serious pest of oranges and 
other fruit, but does not occur in India, though an allied species has been 
found in the North-West and in Bombay. In this genus (Cer@’.”’s) the 
males have on the head two long bristles with broad leaf-like tips. The 
ordinary Indian Fruit-flies belong to the genus Dacus, and there are some 
half-a-dozen species which have attracted notice owing to damage inflicted 
on fruits in various districts, the troublesome species of fly varying 
with the locality and to some extent with the time of year. All the 
Re ee ase Dacus have a strong family likeness, being yellow 
fearing gr 
ieee oo Hee ms es me often wee yellow marking. 
Dacus anne Coq. The ae ae i ae ace paisa 
is as follows ape long Be - Se ee, Sprang generally, 
fruit by means of the long hor ae he oe just, widen SES eeu 
fies te eae : ny Ovipositor possessed by the female ; 
Fe ee three days and the young maggots tunnel into 

the fruit and continue eating for a fortni i 8 ; Be 
ght or so; they then as a 
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rule, but not always, leave the fruit and fall to the ground, where they 
burrow to a depth of one to two inches and pupate, the pupal stage 


A FRUIT-FLY (DACUS CUCURBITA). THE EGGS 


FIGURE) LYING JUST UNDER ‘THE SKIN OF A GOURD; OF THE 
PUPARIUM, THE UPPER IS THE ANTERIOR END SHOWING 
THE POSTERIOR SPIR- 


Fig. 418—THR VLAIFrk-HISTORY OF 
(RIGHT SIDE OF 
TWO FIGURES BELOW THE 
ANTERIOR SPIRACLES, THE LOWER THE POSTERIOR END AND 


ACLES. (% 8). 
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> “hed 
: ba een stronella oil has an 
lasting about a week. We have found that Cit 


extremely strong attraction for the males of the destructive Peach-fly 
(Dacus persica), and that this is probably due to the females having 


the same smell, which we have ascertained to be the case. Details as to 


habits and the periods of the different stages vary in different species. 
The larvee (PI. LXVI and fig. 418) are of the type usual among 
Acalyptrates, blunt behind with rather conspicuous stigmata, and 
tapering to the head end which is provided with black mouth-hooks, 
the anterior stigmata showing as a curved row of ten ora dozen small 
bead-like rounded projections. The colour of the larva is dirty whitish 
or pale yellow, and the skin is smooth and shining, the longitudinal 
trachew usually clearly seen beneath it. The larvee can hop in the same 
way as Sepsid larve by fixing the mouth-hooks in a notch just below 
the anus and then uncurling the body with a sudden jerk. Preventive 
measures consist of various devices to protect the fruit from the ovipo- 
siting female, such as netting, earthing up the young fruit, or protect- 
ing them with paper screens until the skin has grown thick and tough. 
Remedial measures are useless unless begun in the earliest stages of an 
attack, and consist of the prompt destruction of all affected fruit by 
boiling, submerging, or burying the fruit at least eighteen inches below 
the surface of the ground and firmly stamping down the earth with 
which the hole is filled in. Though most if not all the Trypetid@ pass 
their larval stage in the fruits, stems, or leaves of plants, the two genera, 
Dacus and Ceratitis (the latter a genus with banded wings, the thorax 
and bes: of the wings spotted with black, which has been recorded as 
damaging oranges in North Bombay), seem to comprise all the species 
at Bs known to rank as real pests. The bulk of the species of 
T ee are a good deal smaller than the fruit-flies, and are generally 
a ve renee Nae iridescent eyes and prettily-spotted 
Urophora, Tephritis and ae ee oe ge ph lice 
family as a whole have yet to i ee OT ee ae 
Site Sean al ea ie ed out, and there oe probably 
Seth awit eee 7 i ypetrde yee find HS information 

© OF Loew, especially “Die Europaischen 


B h ; n.?? : ae 
0 rihegen, es ene Monographs on the Diptera of N. America ”’ 
published by the Smithsonian Institution 
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ORTALIDA. 

Rather small but not minute flies, the body generally smooth and shiny, the 
wings nearly always marked with dark bands or spots, the sub-costa 
distinct and meeting the costa at an acute angle, not as in Trypetida. 
Anal cell indistinct. The front broad, not bristly all the way down 
the sides. Female ovipositor prominent and horny. Tibia without 
preapical bristles, only the middle pair with spurs. 

This family contains a number of species of diverse form, and some 
of them much resemble Trypetide in appearance. Little is known of 


Fig. 419—WING OF ORTALID (COMPARE WITH 
H1G:-417)>° x 16 


their life-histories, but it seems probable that these are of the same type 
as those of Trypetide and Chloropide, that is to say, most of the larvee 
are likely to inhabit the leaves and stems of plants, though some may 
breed in decaying matter: they are not yet known to be of economic 
importance in India. One of the commonest species in this country 
is that figured on Pl. LXVII, fig. 5. Ulhdia enea, F., a beautiful little 
fly of shining blue-green and copper colour which may often be seen 
sitting basking on leaves and slowly raising and lowering its forelegs 
one after another, as though it were delivering a weighty discourse 
on some serious subject. The reason for this curious habit is unknown, 
but it suggests that the fore leg might have some sensory function 
and serve as a kind of auxiliary antenna. This particular species is 
unlike most Ortalids in having unmarked wings, the banding and spot- 
ting of the wings being very characteristic of the family as a whole. 
Indian Ortalide still require to be worked out from the systematic 
point of view. The more important genera are Rivellia, Ortalis, Ulidia, 
and Lozoneura. For details Van der Wulp’s catalogue may be referred 
to, and for further descriptions the writings of Coquillett (Proc. Ent. 
Soc., Washington, VI) and Kertesz (Tijdsch. V. Entom. XXIII, and 
Termes. Fuzetek., 1897). 
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SAPROMYZIDA. 

i l colow wkish blue 
Small rather short-bodied flies usually shiny and coloured blackish | 
“, . 4 Se 4 l 
e female with a rather long slender ovipositor. The heac 


or yellow, th 1 ] 
thorax, third joint of the antenne generally large and 


as broad as the 

fairly long. Wings often clouded. 3 

As their name implies the larvee of this family feed on decaying 
matter, and are usually found in rotten vegetable stuff. Little 1s known 


Fig. 4220—LONcH&A. Pusa. x 12. 


about the Indian species, but fig. 420 represents a fairly common blue- 
black Lonchea sometimes seen sitting on leaves in the neighbour- 
hood of excrement. Species of the other chief genus of the family, Sap- 
romyza, also occur in India, but do not seem to be common. For Asiatic 
species the writing of Kertesz (Tezmeszetraji Fuzetek, Vols. XX— 


ran ba é ‘ + 0 “ : * en 5 
XXIII) and Czerney, Genera Insectorum, Lauxanine, may be consulted. 


HELOMyYziIpa. 
Small flies of greyish or yellowish colour. 


; The antenne short, the third 
joint rounded. 


Wings large with distinct basal cells and the 
costa usually bristly. 
The flies of this small 


| and unimportant family deposit their eggs in 
decaying vegetable matter and in the dung of v 
that of bats living In Cay 


maura, Wik., from ‘‘ Ka 


arious animals, including 
es. Van der Wulp lists one species, Helomyza 


t Allahabad. | st India,”” and we have taken a Tephrochlamys 
at , ahs eae Ko . ’ 
ahabad, but otherwise we know of no redord of anvingian species. 
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SCIOMYZIDA, 

Sub-costa distinctly separate from Radius. Wings rather long, usually 
with dark markings. No vibrisse. Head rounded, often broader 
than the thorax. Preapical bristles on tibia. 

Little is known about the habits and life-histories of the members 
of this family but they do not seem to be of any economic importance. 
They are mostly small sluggishly- 
moving flies, found in damp grass 
or in the neighbourhood of water, 
the body often coloured dirty brown 
and wings much spotted with dark 
brown. The abdomen is often rather 
long, and has six segments visible. 
The larvee are mostly aquatic, feed- 
ing on water-plants. One genus, 
Sepedon (see Brunetti, Ind. Mus. 
Records) is conspicuous and unlike 


Fig, 421—SCIOMYZID (SEPEDON) .x 2, 


those whose general appearance is 
described above (fig. 421). Most of these latter belong to the genus 
Tetanocera and constitute the bulk of the family, which has been mono- 
graphed by Hendel (Scoomyzide, Verhand. Zool. Bot. Ges. Wien., 1902). 
About a hundred and fifty European species are known; the known 
Indian species belong to the genera Dryomyza, Sciomyza, Tetanocera, 
and Sepedon. 

PHYCODROMID&. 

Small dark-coloured flies, the whole body noticeably flattened. Face and 
front very bristly. Preapical bristle on all the tibia. Sub-costa 
distinct ; basals and anal cell present. 

These curious little flies all live on the sea-shore, generally among 
the line of sea-weed and other refuse left by the high tide. Their larve 
are presumably scavengers, but I do not find any reference to their life- 
histories. The adult flies have a slight superficial resemblance to small 
Hippoboscide, owing to their flat shape and stout legs, and perhaps to 
some Borboride, but these are hardly likely to be confused. There are 
only about a dozen European species, but the individuals are often very 
numerous in the abovementioned localities. None are recorded from 


India. 
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HpreRONEURID#. 
Small rather slender flies, with vibrisse. R, and anal veins short ; sub- 
costa not very distinct, cross-veins quite close together. 

A small and unimportant family. No Indian species have been 
bred, and the flies are uncommon. In Europe the larvae have been 
found in decaying wood and the flies occur in rather damp shady 
places. One species has been seen at Pusa. 


CORDYLURIDA. 


Sub-costa distinct, costa not bristly at its end. st posterior cell not nar- 
rowed. Two basals and anal present. Head rounded, the eyes round 
and bare, the front broad in both sexes. Abdomen with at least five 


visible segments. Squame small. 


This family, with the Anthomyude@, is transitional between the 
Acalyptrates and the Calyptrates. To the Anthomyide it is very closely 
related, and with some species it is most difficult to decide in which 
family they should be placed. The chief difference is that the Antho- 
mylids have the eyes usually closer together in the male than in the 
female, while both sexes of the Cordylurids have the eyes wide apart, 
and in them the structure of the genital organs affords the best means 
of distinguishing the sexes, the males usually having the abdomen 
blunter and more rounded than the females. Contrary to what is 
usually the case, the males of some Cordylurids (e.g., Scatophaga) are 
very considerably larger than the females. Many of the flies breed in 


dung. These are chiefly the Scatophagine. The other genera are 
usually found in wet places near ponds 


ee or tanks, and several of their 
larvee live in the stems 


of water-plants, while one genus Clidogastra has 
occurred as a parasite in a Noctuid caterpillar (Williston). The larve 
are variable in structure, but those of Cordylurine are amphipneustic 
. of stigmata conspicuous. Little seems to be known of 
bs ee and they have not yet been studied in India, with the 
exception of the Cordylurid figured on Pl. LXVI, the ‘‘ Ricesee ily: ; 
< sae a characteristically truncated pupa are ein enit 
described by the picture. The fly differs from most allied Cordylurine 
- The larvee live j eee seamen (dorso- 
there; mature stems "in the stems of young rice and pupate 

ms are rarely or never attacked : the wilted-looking 


with both pairs 


in having no conspicuously large 
central bristles) 
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rice-stems which harbour the larve are easily pulled out from the 
ensheathing leaves, and then present the appearance of having been 
chewed in the mouth. As is the case with all stem-flies, no effective 
remedy has been discovered: while the fly frequently does considerable 
damage to the young rice, it is by no means a specific pest of this 
crop, but has apparently very varied habits. It has been bred from 
rice, sorghum, maize, millets, cheena (Panicum miliaceum), sama (P. 
frumentaceum), celery, khira (Cucumis sativus) and brinjal, from 
wheat, which it damaged considerably in the neighbourhood of Harnai 
(Baluchistan) 1909, and also from rotten potatoes and decaying 
vegetable matter of various kinds. This would point to the possibility 
of its occurring in rice only after the stem had been otherwise damaged, 
but such is not the case. Kxcept for the Rice-stem fly, the family is on 
the whole a distinctly beneficial one, for not only do the larve eat up 
dung and other unpleasant substances, but many of the adults are 
predaceous, and like most predaceous flies possess large appetites. In 
the hills at Mussoorie I have found Scatophaga very common, especially 
about excrement, and the common species (S. stercoraria, which occurs 
also in Europe) 1s very conspicuous from the yellow woolly hair with 
which the male is covered. (Pl. LXVII, fig. 10.) I have not met with 
Scatophaga in the plains, but Hydromyzine occur there as well as in 
the hills, and may be seen in company with Anthomyiids, Ephydrids 
and Dolichopodids, hunting for prey on the edges of well-puddles, the 
mud of tanks and rivers, and even in the spray of waterfalls. Their 
victims are sometimes small drowning flies, and often aquatic larve 
(including those of Mosquitos and Tabanids) which they will not 
unfrequently even drag from the water to devour at leisure on. dry 
Jand. The flies are generally difficult to catch, as they fly very 
nimbly and close to the mud or to the surface of the water. 

The table of sub-families is abridged from Becker’s monograph 
of the family (Dipterologische Studien I. Scatomyzide. Berlin, Ent. 
Zeit., 1894) in which he enumerates 125 European species. 


1. Scutellum with at least four bristles ; 


wings generally long. If short, then 


bo 


the abdomen unusually long 
Two to four scutellar bristles. Wings 


generally short and rounded ve 3 
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Palpi spoon or leaf-shaped .. Hydromyzine. 


2, Head broad. 
not particularly broad. 


Head rounded, 
ti e 7 
Palpi not broadened Scatophagine. 


> Hront femora with a double row of bristles 


on the inner side Norelline. 
Front femora with at most a single row 
of bristles on the inner side .. A 4 


4. Face short. Palpi small without jong 
bristles. Antenne short, arista bare 
or at most pubescent a .. Clhidogastrine. 
Face long. Palpi only occasionally flat- 
tened, sometimes with long  end-bris- 
tles. Arista bare or plumose. Mostly 
very bristly flies es .. Cordylurine. 


ANTHOMYIIDA. 


Not large flies ; coloured dull brownish black or grey, the squame fairly 
large, and the eyes usually closer together in the male than in the 
female. The \st posterior cell widely open. The abdomen with four 
or five segments visible, rarely bristly. 


The division of Calyptrate Muscoids is usually made to include this 
family, while some authors make the Anthomyids into a separate divi- 
sion intermediate between Calyptrates and Acalyptrates ; this is pro- 
Beet their natural position, but we have for convenience included them 
3 ve Acalyptrates after the Cordyluride, to which they bear very close 
relationship. The adult flies are generally very much like house-flies 
in colour and general appearance, and one genus H omalomyia, habitually 
Seon human habitations in India in conta with hs Aes House- 
flies (Muscide). All the Anthomyiide@ are flower-flies <i RO he meet ne 
of a few predaceous species, but their larvee are of somewhat fe 
habits, a few being found in dung, others in decayi hain pes batt 
of different kinds, and others in the roots of ‘2 ing vegetable matter 
named group are often very ete SO e ants. Though the last- 

’ lve to onions and other crops in 


Europe and Americ ; 

ae I merica, and very difficult to combatssnodane ieee 

laving done noticeable damage in India i ’ elr 
aie ve V 


: 3 an eLc : 
The eggs, larvee and pupe are ome to our knowledge. 


of t . putes 
f the usual muscoid type, the larve simi- 


al p ‘oporti S 
| i In I J 1s hos of f 1 — l¢ .) 


and as a rule having 
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the posterior stigmata well marked. In root-inhabiting species the larvee 
may remain in the root when pupating or may come out and pupate 
in the soil near by. The Indian species have not been recently studied, 
and will probably be very largely increased in number, as_ the family is 
a large one. Dr. P. Stein is regarded as the chief authority on Antho- 
mylids, and his various writings, together with Meade’s ‘‘ British 
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Anthomyiide,’’ should be consulted for information as to the separa- 
tion of the numerous genera. Van der Wulp lists about twenty Indian 
species; of these one of the commonest and most noticeable is Limno- 
phora tonitrui, Wied., a little fly of the size of a house-fly, with a light 
grey thorax marked with conspicuous blots of velvety black. The chief 
genera at present known to occur in this country are Spilogaster, 
Ophyra, Limnophora, Anthomyia, Homalomyia, Lispe, and Cenosia. 
(Mr. Brunetti informs us that Anthomyia peshawarensis, Big., described 
in I. M. Notes as parasitic on locusts, is really Chortophila cilicrura 


Rond.) 
CALYPTRATHES. 


Calyptrate Muscoids are those which possess well-developed squame, 
have the male eyes closer together than the female, and the Ist 
posterior cell completely closed or distinctly narrowed at its outer end 
(except in some blood-sucking species). We include in this division four 
families, the Tachinidae, Sarcophagide, Muscide and Cstride. The 
Sarcophagide and (stride are comparatively small families, but the 
Tachinide and Muscide have each a very large number of closely related 
species. The fact that so many of the species are so much alike makes 
their classification (especially in the case of the Tachinidae) extremely 
difficult, and even the numerous genera are often so close together and 
separated by such very slight characters that the student will not be able 
to distinguish them unless he makes a special study of the families. 
Their classification is still in an unsatisfactory condition, although 
much work has been done on the European and American species. In 
particular, the Indian Tachinide, which are evidently extremely 
numerous, have hardly been touched, and the work that has been done 
in the past will need a large amount of revision to bring it into line with 
modern classification. For these reasons, and since it must be some 
years before the Indian Calyptrates can be really well known, I can treat 
of them only in a superficial manner, but the student should not think 

IIL 4] 
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that because the treatment 1s superficial the families are therefore un- 


Leaving the “stride for the present, we will begin with the 


important. 
Taken aS a 


three families Tachinidae, Sarcophagide pant 
whole they are moderately large, more or less bristly, grey blackish or 


blue flies; many have the general appearance of ote ee 


bottles: they are distinguished as follows :— 
Arista bare. Upper side of abdomen generally 
bristly on the basal segments. 
Larve parasitic ag = .. Tachinidae. 
Arista bare at the end, but with hairs on the. 
basal half. Basal segments of abdomen gener- 
ally without strong bristles. Larve parasitic 
or scavengers .. ne ss .. Sarcophagide. 
Arista, on at least one side, hairy or plumose 
along its whole length. Abdomen generally 
smooth, not bristly on the basal part. Larvee 
mostly scavengers a3 ns .. Musede. 
(If like this, and with strong, horny, more or less 
elongated proboscis, but with Ist posterior cell 
open as in Anthomyirds) a .. ‘Biting?’ Mus- 
cide (See pp. 
645, 659). 
Muscipa. 

Rather small compactly-built flies. The abdomen of four visible seg- 
ments, not bristly on its basal part, and not swollen at the tip in ie 
Se ee ee 

cell closed or much narrowed 
except im some of the blood-sucking species where it is only slightly 
shia , eyes in males much nearer together than in females, often 
This family comprises those house-flies, blue-bottles and blow-flies 


which a iliar insects 
| re familiar insects wherever man has made his home, and also 
be it remarked, where he has not . 


species may be said to closely 
one of these two ty 


Almost all the very numerous 
resemble in colour and general appearance 
pes, the house-fly or the blue-bottle. The  life- 


history is short, a fair averag 


€ period, for the i 
tal an or the com 
to 15 days, but this is Subje : Bates ee 


ct to considerable variation with food and 
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temperature. The number of eggs varies very much in the different 
species. Musca corvina lays only twenty or thirty, M. domestica a hundred 


Fig. 422—EGGs OF HOUSE-FLY x ABOUT 20, 
(After Newstead.) 


to a hundred and fifty, while some of the blue-bottles (Lucilia and 
Calliphora, etc.), may lay five orsix hundred. The eggs rarely take longer 
than a day to hatch, and the young are sometimes deposited as larve, 
as in many Sarcophagide and some Tachinda. The eggs are as a rule 
white (those of Hematobia are black) and mostly resemble those of the 
house-fly (fig. 418) though some have a process from one end running 
longitudinally down one side of the egg. The great majority of the 
larvee are scavengers and live in dung or in decaying animal or vegetable 
matter. They are typical ‘‘ maggots,” the body thick behind and taper- 
ing in front to a rudimentary head provided with a pair of dark-coloured 
chitinous mouth-hooks. The maggots of different species are often 
extremely alike, and practically the only way of distinguishing them is 
by slight variations in the structure of the spiracles. The pupe are 
cylindrical, rounded at both ends, and chestnut brown in colour, and 
the larvee nearly always pupate in the earth, generally one or two inches 
below the surface, sometimes travelling some little distance before they 
bury themselves. A few are found in wounds, and the larve of 
Pycnosoma (Pl. LXIX, fig. 2) appear not infrequently to cause Myiasis 
by their presence in the nostrils of human beings and camels. With 
these exceptions, however, the larve are distinctly beneficial as 


scavengers. The fly figured on Pl. LXIX, fig. 4 (Ochromyia), is of some 
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interest as being closely related to an African Muscoid (Auchmeromyia) 
whose larva has the unique habit of sucking human blood. The larva 
of Ochromyia has not yet been discovered, but the adult fly is recorded 
as having been observed to prey upon swarming termites, catching 
them on the wing, while we have more than once seen them commit 
highway robbery on ants : three or four Ochromyias will sit near a nest 
watching an ant-path along which the ants are passing to and fro: 
when one passes carrying a tender nymphal ant or pupa in its jaws an 
Ochromyia will pounce down and try to pull the nymph away, being 
generally but not always successful, and will then carry it off toa 
neighbouring twig or leaf where it can be sucked at leisure. The 
house-flies of India include the cosmopolitan Musca domestica, Linn., 


Fig. 423—WING OF OCHROMYIA, SHOWN AS A TYPE OF A 
Muscip WING. 


and M. corvina, Fab., and another species which is common may be 
M . determinata, Wik. They breed in decaying refuse of all sorts especial 
in dung, and it will often be found that plagues of flies are ae to ee 
near presence of stables and cease as soon as measures are taken either 
to remove, the stable refuse daily, or to protect it from flies with 
layer ol lime, by copiously sprinkling it every day with crude- 5 
emulsion, or a solution of Cyllin (Shipley), or by kee t ae oe 
soaked with water, or in fly-proof bins or pits. The ts ; f Sar : 
vegetable stuff near the bungalow, so often en a es 
estates, are one of the main causes of the plagues ae: ise a spk gs 
they periodically suffer, and here Stomoaxys ofan br a fe which 
The student should consult Hewitt (Q J. N pas. 
“On the structure development a ) Tate 
where he will find further reference 


! . S. 1907 and 1908 
nd bionomics of the House-fly ’’) 
S to literature. 
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To avoid having the house and kitchen infested with flies is a matter 
of Importance to health, since the insects carry on their feet and other 
parts of the body traces of the filthy matter on which they are accustomed 
tosit and suck, andare liable toinfect our food and milk with the gernis of 
stomach-diseases derived from this filth. Kitchens should be kept 
very clean, and no refuse of any kind allowed to lie about in the kitchen 
or near it. All food when not in use should be kept in close-shutting 
wire meat-safes, or at least so covered that no flies can get at it. 
Particular care should be taken in the safe disposal of night-soil. - 


The blue-bottles of India belong chiefly to the genera Lucilia, Pyc- 
nosoma, Thelychata, and Pyrellia, while the common English Calliphora 
erythrocephala, Mg., occurs in the hills, but not in the plains. They are 
much less common in houses than are the house-flies of the genus Musca, 
and a considerable number of their larve live only in decaying flesh or 
other animal matter. It is perhaps owing to the quickly- perishable 
nature of this food that so many of the blue-bottles lay such a large 
number of eggs as compared with the house-flies. The fly shown on 
Pl. LXIX, fig. 5, as dia, illustrates a distinct type of Muscid with 
a prominent face and proboscis. Species of Idia or Rhynchomyia are 
not uncommon on flowers and may be recognised easily by their 
peculiar dull metallic look, quite unlike that of most Muscide. The 
larvee are said to be parasitic on other insects. 


There remain the important group of blood-sucking Muscida. 
There is no easily recognisable character which will separate them from 
many other flies of similar general appearances; the best character is 
that they suck blood. The importance of obtaining accurate knowledge 
of the distribution and habits of these blood-sucking Muscida@ is, from 
the point of view of the stock-owner and breeder, very considerable, 
since it is extremely probable that these flies, together with some of the 
Tabanide, are able to carry from one animal to another, the parasite 
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which causes the very serious disease known as ‘‘ Surra ’’ (Trypanoso- 
miasis). This parasite is extremely minute, quite invisible unless 
looked at through a microscope, and when seen alive in the blood of the 
diseased animal it has rather the appearance of a wriggling eel with a 
somewhat flattened body. An almost exactly similar parasite is the 
cause of the generally fatal human disease in Africa called ‘‘ Sleeping- 


sickness,’ and this latter parasite is carried from man to man in the 
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proboscis of Glossina, an African blood-sucking Muscid. In both sleeping- 
sickness and Surra the parasite is conveyed much in the same way as 
the malaria parasite is conveyed by mosquitos, but with this difference, 
that the parasites (‘* trypanosomes **) of sleeping-sickness and surra do 
not, it has been thought, multiply inthe body of the fly, but are simply 
carried in the insect’s proboscis. Recent work on sleeping sickness tends 
to prove, however, that a developmental cycle is undergone by the 
parasites in the tsetse fly ( Glossina). 

All the Indian blood-sucking Muscid@ are similar to house-flies in 
size and general appearance, except that Lyperosia is a good deal 
smaller. The commonest species is Stomoxys calcitrans, Linn. (Pl. LXIX, 
fig. 3). S. indica is not uncommon, and two or three other species 
of Stomoxys may also occur. The two common species of Lyperosia (L. 
exiqua, de Meij., and a smaller one L. minuta, Bezzi) are abundant in 
certain localities but are rarely seen in others. Hamatobia (H. «rri- 
tans and one or two other species) is less common. There remain two 
or three species belonging to new genera recently described,* which 
are interesting as including one fly which is intermediate between the 
above-mentioned species and the ordinary house-flies, especially in 
wing-venation and the structure of the proboscis, which are the points 
+ which the biting Muscid@ usually differ from the non-biting. For 
convenience of reference we have included a plate of rough drawings of 
the chief types of Indian blood-sucking insects, and division C on the 
ee es a and wing of Lyperosia, Stomoxys, Hamatobia, 
is ee ite ee f ae the house-fly. Examination of the plate 
Philematomyia brit ae pee ae se! cher ag ee ae 
Lyperosia, Stomox i a ies “ = oe “a ne prOloecr anion 
equal in length aie ‘ ae Ska Bee pe 
pie Be Ne 1e house-fly, though it is very stout and 

ee © ee It is noteworthy that in biting this chitinized por- 

tion Is not as in Stomoxys inserted into the w j e 
like the labium of Culicide, th Rains es ee 
inner eversible portion weed 1 ee eat se faces 
hooks. This eversible portion a Sia ae ses at : rom of ads 
S roughly indicated in the illustration. 


* Philamatomyia insignis 
known at present, com) 
Austen |, c, the onl 


“ie Austen Ann, 
atly common and wide 
y Species known. 


ag. Nat. Hist. Mar. 1909, the only species 


s distributed. Bdellolaryne sanguinolentus 
Not common. 
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All these flies except Stomoxys breed in dung, and details of some of 
the life-histories may be found in Bulletin No. 7 of the Agricultural 
Department. Further information will be found in a future publication. 
The genera are separated as follows; the new ones alluded to above 
may be recognised by being found biting cattle and by the stout dark 
brown and polished proboscis. 


Ist posterior cell open— 


(a) Proboscis long, much longer than the palpi, 
which are short and slender a9 .. Stomoxys. 


(6) Palpi broad at the tip, much longer than in 
Stomoxys, but not as long as the proboscis .. Hama'‘obia and 
one new related 


genus, Bdellol- 


arYyna. 
(c) Palpi as long as the proboscis for which they 
form a sheath. The flies a good deal smaller 
than Stomoxys or Hematobia %. .. Lyperosia. 
Ist posterior cell much narrowed or closed, 
proboscis short and stout Fe .. Philematomyia. 


Reference to literature on the subject of the relation of muscid flies 
to disease cannot be given here, since the papers are so numerous and 
scattered. An excellent summary of the whole subject up to 1899 is 
given by Nuttall, Johns Hopkins Hospital Reports, Vol. VIII. ‘‘ The 
role of insects, etc., in the spread of diseases ’’ L. O. Howard’s ‘‘ Study 
of the fauna of Human excrement ” Proc. Wash. Acad. Sci. 1900 gives 
much information as to possible food-infecting American species; while 
for the rest the writings of Austen, Bezzi, Bruce, Hewitt, Newstead, 
Nuttall, Shipley and others in various scientific, medical, and veterinary 
journals should be consulted. The Reports of the Sieeping-sickness 
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Commission and Austen’s ‘“‘ Monograph of the Tse-tse Flies ’’ give a large 
mass of information relating to the African Glossina, while Neumann’s 
‘* Animal Parasites ’’ contains an excellent general account of the 


Dipterous and other pests of cattle and horses. 
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QARCOPHAGIDA. 


Rather large usually grey and black flies. Antennal arista bare at the 


end, plumose on the basal half. Male eyes not markedly neat than 

in the female. Squame generally large. Abdomen of four visible 

segments, not noticeably bristly on the wpper basal portion. at posterior 

cell much narrowed or closed. Male genital organs often noticeable as a 

rounded projection under the tail. Tarsi_ rather large. 

These flies are common all over India, and as a rule easily to be re- 
cognised by their red eyes and by their having the thorax grey striped 


longitudinally with black, and the abdomen (3 
with a checquered ‘‘ shot’’ pattern of dark ae 
and light grey. They are often known as al 
‘* Flesh-flies ’’ getting the name from the feces 


fact that they will readily lay their eggs in wee 
meat, especially if it has begun to go bad. 
The larve are maggots in which the seg- 
ments are fairly distinct, each being marked 
by a band of minute spiny bristles. The 
posterior stigmata lie at the bottom of a cup- 
shaped depression at the hind end of the 
body (fig. 424). The eggs are white, some- 
times slightly curved, but in at least several 
species larve are usually deposited instead 
of eggs, the latter having hatched within 
the body of the parent fly. This habit 
obviously ensures that the larva shall at once 
have access to the food-supply in the midst 
of which itis placed, andit has been observed 
to occur in Species of Sarcophagide which 
Mesa 
wounds, ulcers, or in ae ieee one ae 
feed and burrow into the ee eee 
causing much pain and fre 
from blood-poisoning. 


. 424—LARVA OF A SARCO- 
PHAGA FROM ROTTEN 
oO ~ 
ften POTATOES x8. 
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If wound 
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Tve are found in a wound they should be 
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carefully and completely removed, and the place very thoroughly 
washed out with carbolic acid or other antiseptic solution. The removy: 
al of the larve is made much easier by holding over the wound for 
a short time a rag wetted with chloroform or spirits of turpentine. 
Simple application of carbolic acid, or even corrosive sublimate solution, 
will not necessarily kill the maggots, as like most Muscoid larv:e 
they are extremely tenacious of life. The puparium is of the usual rounded - 
cylinder type, with well-marked posterior stigmata. The length of the 
life-history of the Indian species appears to vary a good deal, being quite 
short (two to three weeks) in the flesh-eaters and longer .in- 
the parasitic forms; the flies can frequently be found breeding in the 
decaying bodies of animals, sometimes in great numbers, together with 
various species of Muscide, the ‘‘ blue-bottles’’ and ‘‘ blow-flies.”’ 
Although the flesh-flies are so abundant, the known Indian species 
nearly all belong to one genus Sarcophaga. Van der Wulp lists Cyno- 
myia quadrinittata, Macq., from ‘‘ E. India,’’ and the British Museum 
has a representative of the genus Agria from Karachi. About eight 
species of Sarcophaga appear to be known from this country, and one 
of the commonest, S. lineatocollis, Macq., is shown on Pl. LXIX, fig. 1. 


TACHINID&. 
Body usually very bristly. Arista bare along its whole length. Proboscis 
occasionally long. Larve parasitic, adults flower-flies. 

The Tachinide of all insects are among the most beneficial to the 
agriculturist. This is owing to their being apparently all parasites on 
other insects, and there is no doubt that 
were they absent the damage caused by 
insect pests, especially Lepidoptera, would 
be considerably larger than it is. Though 
Hymenoptera, and occasionally Orthoptera 
and other orders, are attacked, the flies as 
a rule lay their eggs on the bodies of cater- 
pillars, generally near the head end. When 
the eggs hatch the young larve bore through 
the skin into the caterpillar’s body and con- 


sume its internal organs ; they are: thick, fat 
‘ig. 425—LARVA OF A PARa- . . 
= sirio TacHiniy x8. and rounded, with small anterior and large 


posterior spiracles, the segments of the body 
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rather indistinct. Sometimes the caterpillar dies under this treatment 
before it can pupate, but very ofte | 
n full fed generally leaves the body of its host (which 


n the pupal stage is reached. The 
Tachinid larva whe . 
then always dies) and pupates in some sheltered spot, usually Just 
below the surface of the ground. Most of the Sarcophagide and 
Muscide also habitually pupate one or two inches deep in the earth near 
the place where their larval stages were passed through. Unlike most of 
the parasitic Hymenoptera, Tachinidae do not seem necessarily to confine 
themselves to particular hosts, and one species of Tachinid may lay eggs 
on caterpillars of several different species indiscriminately. They also 
not infrequently make the mistake of laying eggs on a caterpillar which 
is already attacked, and in such cases many of the larvae must necessarily 
be starved, since the caterpillar can provide food only for a limited 
number: similarly in the nests of Hymenoptera which store spiders, 
too many Tachinid larve are sometimes found, the supply of spiders, 
being insufficient for all, so that some die or are eaten by their fellows. 
Again, eggs are sometimes laid just before a moult, and if the cater- 
pillar can cast its skin before the Tachinid larve hatch it will of course 
escape and the larve will die. Among the parasitic Hymenoptera 
such mistakes and irregularities as these are very rare, the life of the 
parasite being generally arranged so as exactly to correspond to, and 
as 1t were fit into the weak places in, the life-history and habits of its 
host. As has been said already, itis possible that the Calyptrates are a 
ean of comparatively recent development, and it may be that their 
imperfect adaptation to a parasitic mode of life is due to their having 
taken up this mode of life comparatively lately, their habits and 


instincts having not yet reached that precise adjustment which has been 
attained by many parasitic Hymenoptera 


A recent verv j ere 
ea a Lee Interesting paper by Townsend (U. s Agric. Dept. 
ecord of rear pee ae ; ; 

earing Tachinide”) contains much new information on the 


a4 . Sire 5 5 ¥ 
et oes, larviposition ”’ among Tachinids, and 
S consider rae ; 
4 , ‘ Table diversity among different species. He has made 
le Curlous discovery : 

aiscovery that certain American Tachinids do not lay their 


eggs on the caterpillars 
ail i es but on the leaves, so that they are eaten by the 
caterpillar and hatch in its stomach, a : 


me T > sim] , aT tale 
to that followed by Gastro hilus ’ Hod very. SE eee 
ropliius among (Kstride. 


varieties of oviposition and 
reve 
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As already mentioned the classification of Tachinids is still in the 
making. The Indian species have not yet been seriously studied, and 
except for van der Wulp’s catalogue, which gives references to previous 
work, there is no special literature to which reference canbe made. The 
student of the Calyptrates will find a standard work in Brauer and 
Bergenstamm’s ‘‘ Die Zweifliigler des kaiserlichen Museums in Wien ”’ 
Parts I—IV, but he may experience some difficulty in using it. A good 
deal of useful information will be found in Townsend’s ‘‘ Taxonomy of 
the Muscoidean Flies’’ (Smithsonian miscellaneous collections, 
Washington 1908). As to the number of species of India, it will certainly 
prove to be very large. Van der Wulp records between forty and fifty, 
but a large proportion of these will be placed in different genera when 
the revision of the family is undertaken. The best known are two para- 
sites of the silk-worm, Crossocosmia sericarie, Rond., and Tricolyga bom- 
bycis, Bech., of which an account will be found in I. M. Notes. Milto- 
gramma duodecimpunctata, V.d.W., is there recorded as being a parasite of 
the locust Acridium peregrinum, Oliv., but it seems to be so rarely found 
in this connection as to be quite inefficient as a check. Pl. LXVIIT 
gives a good idea of the general appearance of typical members of the 
family. 

CHSTRIDA. 

Rather large flies, sometimes furry and having a slight resemblance to bees. 
The mouth-parts small or rudimentary ; antenne short and incon- 
spicuous. Wings sometimes clouded, venation generally similar to 
Muscide. Ovipositor sometimes large. Squame usually large. 

This family is of one of considerable importance, for its members 
are all parasites in the larval stage on warm-blooded animals, and 
include the ‘‘ Bot-flies ’’ whose larve live generally in the stomach, and 
the “‘Warble flies’’ whose larve are usually found under the skin, 
where they cause swellings known as ‘‘ Warbles.’’ Miss Ormerod 
(Ind. Mus. Notes) estimated that no less than 48% of the hides exported 
from India were damaged owing to the holes caused by these larve. 
The eggs of nearly all Cistrids are probably laid on the skin of the 
animals attacked, which may be horses, cattle of all kinds, donkeys, 
sheep, camel, and a variety of wild animals. The eggs themselves are 
usually provided with a curious clasp at one end which anchors them to 


the hair on which they are laid ; those shown in fig. 426 were taken from 
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mm 
a horse, the position where they are usually found. The 
Cc DY» } A 


the fore-legs of ae 
ck off the eggs when hatched, owing to the irri- 


animal 1s supposed to li 


Fig. 427—GASTROPHILUS EQUI 
Fig. 426—EGGs OF GASTROPHILUS EQUI LARVA. 
ATTACHED TO HORSk’s HAIRS. (After Bau.) 
(x ABOUT 10.) 
tation caused by the young larve, which are thus carried into the throat 
and stomach. They may remain in the stomach until ready to pupate, 


when they are passed out with the faces (Gastrophilus), or may in the 


Fig. 428—(Esrrus 


OVIS LAR T Ds ; 
(After Bau.) VA Fig. 429 


‘ ei Empty Pupantum oF (EsTRUS OVIS. 
°+ SOSTERIOR END OF SAME. (xX 3.) 
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course of months gradually work their way outwards to the back, where 
they perforate the skin, moult and become spiny, causing a sore swelling 
in which they live until ready to pupate, when they work their way out 
by means of their spines and fall to the ground, the fly emerging from 
the pupa in three or four weeks (Hypoderma). The best-known species 
in India is Estrus ovis (Pl. LXIX, fig. 6), which lives in the noses of 
sheep, and is sneezed out when ready for pupation. Fig. 425 shows the 
empty pupa-case. Mr. Middleton has sent us larve of Cephalomyia 
maculata, Wied., which he found living in a similar way in the nostrils 
of camels (fig. 430). The life-histories of the family, as a whole, are 
very incompletely known owing to the difficulty of observing the stages 
in the living animal, and the habits of the flies themselves are hardly 
known at all. The family is by no means uniformly disturbed over 
India ; we have no knowledge of the condition of things in Southern 
India, but, excluding Madras and the west coast, it seems probable 
that Hypoderma, the common European genus, 1s confined to Western 
India, from the Punjab southwards probably as far as Gujerat. Mr. D. 
Quinlan (Superintendent, C. V. D., Bengal) informs us that he has rarely 
or never seen warbles in Bengal cattle except in the hills, and this agrees 
with our own experience. (Mstrus is, however, not uncommon in Bengal, 
and Gastrophilus also occurs in certain districts. It 1s a large yellow 
rather bee-like fly with clouded wings and a large and complex ovipositor, 
The preventives usually tried are strong-smelling washes, tar or grease, 
applied to the skin of the cattle with the object of deterring the flies 
from laying their eggs, or greasy and other dressings applied to the 
swelling on the back. Neither method appears to be entirely effective 
(Carpenter and Steen, J., Agric. Dept., Ireland, Vol. VIII) and lancing 
or squeezing out the larvee as soon as they are nearly mature seems the 
only thing to do in the present absence of knowledge of the habits of the 
flies : the wound should then be dressed with crude oil emulsion to deter 
Muscids or Sarcophagids from depositing their eggs or maggots on the 
raw surface. A very good summary of what is known of the habits is 
siven by Imms. (J. Econ. Biology, Vol. I). A general account of the 
pacity is given by Dr. Bau (Gen. Insectorum, (stride) who lists four 
species from India. These are Cobboldia elephantis, Cobb., in the stomach 
of the Indian elephant; Gastrophilus equi, Fab., in the stomach of the 
horse (@. pecorum, Fab., from Deesa is in the British museum collection) ; 
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avities of the sheep; Hypoderma bovis, 
Cephalomyia maculata, Wied., also 
lus przewalsky?, Ptch., has 


(Estrus Ovis, Linn., in the nasal ¢ 

De Geer, under the skin of cattle. 
Ticrocepha 

occurs as mentioned above, and Mucrocey 


: , i 
been taken in Sikkim (Brit. Mus. Coll.). 


Fig. 430—LARVA OF CEPHALOMYIA 


Fig. 431—CoBBOLDIA ELEPHANTIS. 
MACULATA XQ, 


LARVA. 
(After Bau.) (After Bau.) 


PUPIPARA. 


HIPPOBOSCID. 


Mlattened leathery-looking parasitic flies, sometimes wingless. Proboscis 


skort protected by the palpi. head small, without distinctly seen neck. 
Legs strong with powerful claws, antenne very small & inconspicuous. 

These “ kuku-macchi” << cattle-flies,’’ 
must be familiar to every 


b) > 


‘“ skaters,’ ‘‘ dog-flies ’ 
one in India, since they are common in 
many districts on cattle and dogs. To dogs, especially those of 
European breeds, they seem to cause much discomfort, and even the 
knowledge that a Hippoboscid is flying in its vicinity will often render a 
dog obviously restless and uneasy in its mind. On cattle they are often 
to be seen in crowds, but the native byeeds do not seem as Rs 5 affected 
by their attacks as might be expected from the number of the flies (very 
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often twenty or more on one animal). The life-history of these flies is 
of a curious and interesting type. We have seen that certain Calyptrate 
Muscoids (Sarcophagide and 
Tachinide) often retain the 
eggs within the body until 
after they have developed 
into larve, and that they 
are thus ‘* viviparous,’’ 7.e., 
produce their young’ alive. 
These larvee at once begin 
to feed, and when full- 
grown they pupate. The 
Hippoboscide and probably 


Fig. 432—PUPARIA OF HIPPOBOSCA. 


The one on the left is new laid, that in the middle is 
six hours old, and the one on the right a week 
old, and dark brown in colour. x 4. 


all other Pupipara carry 
the process still further, their 
larva remaining inside the present fly's body until ready to pupate, 
when they are deposited. The puparia, found lying generally on hard 
dry surfaces (floors, stone window-sills, shelves, etc.), are dark mahogany 
brown in colour, round and polished, with a black cap at one end, and 
look very much like round smooth seeds about half as big as a pea. 
When first laid they are nearly white (fig. 432). It is thus obvious that 
in Hippoboscide the usual conditions found among Diptera regarding 
the taking of food are reversed. As a rule it is the larva which does 
most of the feeding required for the insect’s development, and this is 
true even in families such as Asilide, in which the adults are predaceous, 
and in the blood-sucking Culicide, Psychodidae, Simuliide, and Tabanide. 
The same rule applies to the Indian species of blood-sucking Muscidae, 
but the African Tsetse-fly retains the larve until ready to pupate, in the 
same way as Hippoboscide, and it is evident that this abbreviated life- 
history is due to the fact that the adult fly is able by sucking blood to 
supply enough nutriment to carry on the life of the larva as well as its 
own. In accordance with this, since the fly can only absorb a limited 
quantity of blood, we find that reproduction in Hippoboscid@ (and in the 
Tsetse-fly) is slow, only one larva being produced at a time, but the 
slowness of the process is to a great extent compensated by the protec- 
tion of the young from all the dangers of larval life ; that this protection 
is effective we see from the abundance of the flies. The shortening of 
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and Tachinids has probably arisen 


he life-history in the Sarcophagids 
a tit is it an advantage from the fact 


for a rather different reason. Not only 1 ee 
that the shorter the helpless period in the egg the less chance there 1s 0 


destruction, but a short egg-period is of the utmost importance to.such 
larvee as live in dead flesh and similar substances, owing to the rapidity 
with which the food on which they depend may entirely decompose or 
get completely dried up by the sun. Sarcophagids will olen lay at 
least forty or fifty young larvae on one piece of meat, the main object 
evidently being to make certain that at any rate some of these shall get 
food at once and be able to make the best of their opportunity before the 
supply dries up or becomes otherwise unavailable. A number of articles 
on Hippoboscide by Dr. Speiser in the last year or two of the ‘* Zeits- 
chrift fiir wissen-schaftliche Insektenbiologie ’’ give a large amount of 
information about the family. He recognises five sub-families, of which 
four occurring in India are distinguished as follows :—the commonest 
Indian species are Hippobosca maculata, Leh., and its variety sive, Big., 
on cattle, and H. capensis, Olf., on dogs (Hippoboscine) with Lynchia 
exornata, Sp., on pigeons (Olfersiine). 


Ocelli, and anal cell absent. Wings well developed. 


(1) Pronotum invisible from above .. .. Olfersune. 
(2) Pronotum visible from above as a coloured 
projecting ring a Ss .. Hippoboscine. 

Ocelli present or absent. Wings either very weak 

or practically absent ; .. Lipoptenine. 
Ocelli present or absent. The wings developed or 

reduced, the former usually with an anal cell. 

Those with an anal cell possess ocelli: others have 

no distinct venation .. Ornithomyiine. 


NYCTERIBIID A. 


WW ingless flies. with very small head bent back over the thorax when 


a rest. Legs long. General appearance spider-like. 
The Nycteribiide are entirely 


; parasitic, and are most remarkably 
modified in structure. 


FAS Sr he ges nue, ane found on bats, and cling to the skin or 
eee tak see heir position is however the reverse of the usual one, 
since when thus clinging they have the back aeaean a 

j 0 the body of the host 


and their ventral surface . 
* Outward. To fit this attitude the head is bent 
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back so much that it appears to spring from the dorsal part of the thorax, 
while the legs with their big claws also have their position somewhat 
modified in accordance with this curious habit. Pl. LXIX, fig. 8, repre- 
sents Cyclopodia hope, Wstw. (= Sykesi), taken from a ‘‘ flying-fox ’’ at 
Pusa. Littleseems to be definitely known about the life-histories of these 
very remarkable insects, but 
what is known indicates that 
the development may be of a 
curious and exceptional nature. 
The species recorded frorn India 
are Raymondia pagodarum, 
Sp., Cyclopodia hope, Wstw., 
and Polyctenes lyre, Waterh. 


BRAULIDA. 


Minute wingless parasites of 
bees. 


The figures show a “‘ bee- 
louse’’ (Braula). Little is 
known about them further 
than that they are found 


clinging to the thorax of bees. 
Fig. 433—BRAULA COECA, THE BEE-LOUSE. They are not recorded from 


Highly Magnified. : 
(After Cowan.) India. 


SIPHON APTERA.—( Fleas). 


Small parasitic blood-sucking jumping insects with body flattened 
from side to side ; the eyes simple, not compound ; wings rudimentary, 
the skin horny. Mouth-parts well-developed for mercing and sucking. 
Antenne concealed in grooves. 


The Fleas are usually looked on as being Diptera, although the 
wings are practically absent and the whole form and structure of the 
insects have been profoundly modified, presumably in accordance with 
their parasitic habits. Though the idea that fleas are flies at first sight 
appears to be a little far-fetched, the modification which they have 
undergone is after all not much greater than in the parasitic Cyclopodia 

IIL 42 
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rtain parasitic Phorid@ such as Termi- 


igured Pl. LXIX or than in ce : 
sa bits and the voracity with which they 


toxenia (fig. 400). Their active ua isti 
suck blood are known to most people, and these characteristics, together 


hind legs and the curious shape of the body, which 


with the long strong 
iding easily among hair, fur or feathers, make 


is excellently fitted for gl 
them unmistakeable. The sexes are a good deal alike, but the female 
is larger, has a less abruptly tip-tilted tail, and has not the coiled internal 
horny attachments of the genital organs which are present in the male, 
and which are shown in all the figures on Pl. LX XI. The eggs are laid 
on floors, dusty carpets, or dry earth, and hatch into slender larvee ot a 
more or less dipterous type, with rather strong hairs and a biting mouth 
with which they consume what nutritive matter they can find among 
the dirt in which they live. When full grown they spin a cocoon which 
is usually coated with dust and dirt, and there transform to a pupa. 
The life-history may be easily observed by keeping females in glass 
bottles with a little loose dry dust and dirt, such as floor-sweepings, in 
which the larvee may live. Too much moisture is very distasteful to the 
young and adult stages, and they probably flourish best under certain very 
definite conditions of temperature and humidity, as is the case with many 
other insects. The larve are killed almost immediately when wetted. 


The rat-flea (Pulex cheopis, Roth.) is*an insect whose study has 
become of the first importance since the work of Lamb, Liston, and 
others has shown that its bite consti- 
tutes one of the chief ways, even if 
not the only one, whereby plague is 
spread. The rat-flea is essentially a 
parasite of the rat, but it does not 
confine its attacks to these animals 
and it will bite man, especially (but 


not only) when there are no rats on 


which it can feed. It is well known 


that before plague attacks 
of a village, 


the men 
: the rats of the place 
usually die of the disease. When the 


rats die, it is presumed that the rat- 


fleas leave their E 


ig. 434—Pupea anp Larva OF FLEA 
much enlarged. The figure 
D1 te men, anda Is a bad one. 


: bodies and are then 
particularly liable to } 


PLATE. LXX.--Buoop-suckine Insects. 


Division A contains those blood-sucking Nemocera whose antenne are 
long and easily seen, Phlebotomus (Psychodide), Ceratopogon (Chironomid) 
and Mosquitos (Culicid), with rough sketches of the larva and pupa 
of each. Phlebotomus and Ceratopogon are about twice natural size, and 
are drawn in their usual resting attitude. 

Division B contains Simuliwm, and the four main genera of Tabanide, 
the latter showing the usual resting attitudes, and the larva aud pupa. 
of the commonest genus, Vabanus. 

Division C contains sketches of the wing and head of the main genera 
of blood-sucking Muscidae, showing the relative lengths of proboscis and 
palpi and the hairing of the arista, with the amount of closure of the Ist 
Posterior cell. (lhe unnamed head and wing are those of Philematomyia.) 

Division D shows the puparium and imago of Hppobosea, 

Division E. Flea, 


Division F, Hemiptera—young and adult bug (Cimicidee) and two lice, 
Pediculus capitis and Hematopinus urius (Pediculide), 
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thus infect them with the plague bacillus which the fleas have previously 
sucked up with the blood of the rats on which they last fed. The litera- 
ture on the subject of fleas and plague is considerable, and the student 
is referred to the Reports on Plague Investigations in India issued by the 
Advisory Committee, and published in the “Journal of Hygiene,” Vols. 
VIand VII. The classification of the group 1s somewhat difficult, as it is 
based largely on minute characters. C. F. Baker’s ‘‘ North American 
Siphonaptera ’’ and Jordan and Rothschild’s ‘‘ Revision of the Non- 
Comb-eyed Siphonaptera ”’ (Parasitology, Vol. I) may be consulted. 
The ‘‘ Comb ’’ refers to a row of stout Spines round the lower part of 
the head which is present in certain species, as in P, felis, the cat and 
dog flea. This species is shown on PI. LXXI, copied from the Plague 
Investigation Report, on which are also shown Ctenopsylla musculi, a 
mouse and rat-flea; Pulex irritans, the human flea; Ceratopsyllus 
fasciatus, the Kuropean rat-flea ; and Sarcopsylla gallinacea, the fowl-flea. 


INDIAN BLOOD-SUCKING INSECTS. 


As we all know, India is a country which has its full share 
of those vermin which spend the whole or part of their lives 
on the bodies of men and _ other warm-blooded animals, and also 
of those equally annoying insects which alight upon the body 
of their victim only when intent on gorging themselves with his 
blood. Ofcommon vermin, the Bird-lice or Mallophaga (p. 110), are not 
blood-suckers, though they live as parasites on the bodies of their hosts : 
the blood-sucking species of insects at present known in India may be 
said to belong exclusively to two Orders, Diptera and Rhynchota. To 
the first of these may be assigned the Fleas, which probably represent a 
much-specialised offshoot from the old Dipterous stock, though they are 
generally given the rank of a separate Order or Sub-order (Siphonaptera). 
They represent that section of the Diptera which pass a considerable 
portion of their adult life on the host, though the egg, larval, and pupal 
stages are usually gone through elsewhere, in dusty and dirty places. 
Their importance in connexion with plague is well known. Except for 
the fleas, few blood-sucking Diptera spend much time on the body of the 
host, but the lives of adult Nycteribiide and Hippoboscide aftord an 
interesting series of examples of variat'on in this respect. Some of 
them, for instance the one figured on Pl. LXIX, fig. 8, appear to pass at 
least most of their lives on the host, and most of these species are 
wingless or feeble-winged : at the other end of the scale are the common 
cattle-flies (Hippobosca) which have strong wings, are quick fliers, and 
are always ready to strike camp and leave the host on whom they have 


TERA. 
660 gts: 


settled, though remaining if comfortable and sured ts phe two 
families exhibit the mode of reproduction characteristic 0 he group 
(Pupipara) to which they belong (p. 655), and although little 1s known 
of their habits and_life-histories it is probable that, as 1s the case with 
all other blood-sucking Diptera, the adult stage 1s the only one which has 
any direct connexion with the host, while as indicated above the close- 
ness of this connexion varies considerably within the limits of the two 
families, and probably has influenced the reproductive processes to a 
considerable extent. After those groups, Siphonaptera and Pupipara, 
which pass a considerable portion of their adult lives on the host, we 
come to those Diptera which pay asa rule only flying visits to their 
victim, and take their leave after a short but, hearty meal of blood. 
These belong to six families, and of these families five are particularly 
well represented in this country, the sixth (Chironomid@) being com- 
paratively unimportant. The family which by relationship and habits 
approaches most nearly to the Pupipara 1s the Muscide : as with the 
Hippoboscide, which practically never bite man, the attacks of the Indian 
species of Muscid@ are as a general rule confined to cattle, but this is by 
no means always the case, as in some districts and climatic conditions 
they (especially Stomoxys) will bite men viciously. Stomoxys is the com- 
monest of the Indian genera, the others being Lyperosia, Hamatobia, 
Philematomyia and Bdellolarynz. All the four latter are found as larvee 
in dung, but Stomoxys breeds by preference in fermenting vegetable 
matter, especially in heaps of grass and fodder, and in the piles of 
‘* seet ’’ near indigo-vats, the flies being often so abundant at the period 
of mahai as to be a serious nuisance. These Muscid@ often remain for 
a considerable time on the cattle, but this is probablyin part because 
they are so frequently interrupted in their feeding by the movements of 
the victim, and they will _persevere in the attack until satisfied with 
blood. All the blood-sucking Muscide@ have a strong superficial likeness 
to many other Muscid@ which do not suck blood, such as the house-fly, 
and to others which are often found sucking blood from wounds but 


which cannot pierce the skin for themselves : this the five blood-sucking 
Sais a of course able to do, but whereas in Stomoxys, Lyperosia, and 
ematobia we find a much modified and developed piercing proboscis, 


the mouth-parts (as also the venation) in one of the two new genera 
3 h ree differ much less conspicuously from those of the non- 
ecisc Some “4 uscide, and the genus represents a connecting link 
Renee a ae S aee Although not blood-suckers, the flies whose 

wouncs or sores may be here noted as also belonging at all 


events for the most ; 
St part to the fz pepe 3 
ilaggobs “oreduee’ rexnlt, umily Muscide : the attacks of these 


are technically known uy yaaa of a serious and revolting nature, and 
aT ider the te Miners ; 
Pain aniiinle term “* Myiasis.’” They attack both 


To the family Tabanide (Pl. LXIi) 


of the well-known Indian Horse-flies 


belong a large number of species 
The Siphonaptera, Pupipara, and 


‘,¢Dans-flies, gad-flies, or ** Clegs. *’ 
Muscide comprise only insects whose 


PLATE LXXJ.—Srenonaprersa. F eas. 
Pulex cheopis. & 
Pulex felis. 3 
Ctenopsylla museuli. 3 
d. Pulex irritans & 
e, Ceratophyllus fasciatus. & 
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f. Sarcopsylla gallinacea. ; 
This plate is copied from The Journal of Hygiene, Vol. VIT, No. 3 


(Report on Plague Investigations in India), 
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immature stages are purely terrestrial, but in practically all species 
belonging to the remaining families of blood-suckers we find seml-aqua- 
tic or purely aquatic larve : these families may be arranged roughly in 
the order Tabanide and Psychodide (genus Phleboiomus), Chironomide 
(genus ** Ceratopogon’’), Simuliide and Culicida. 

The larvee and pupz of the last two families are purely aquatic ; the 
larve of Tabanide and Phlebotomus live in mud, slime, or wet earth, and 
seek a comparatively dry spot in which to pupate, while the larve of 
Ceratopogon are of two kinds, some living under bark and in similar damp 
shady places, while others are purely aquatic and agree in this respect 
with the numerous species of non-blood-sucking Chironomide. We may 
make a further generalization by saying that in these families with 
aquatic or semi-aquatic larve it is only the female that sucks blood, 
whereas in the purely terrestrial families both sexes may do so. None 
of the former group spend any very appreciable portion of their lives on 
the victim, whereas several of the latter do. 

As to the numerical ratio between blood-sucking and non-blood- 
sucking species, this varies in the different families to a considerable 
extent. Excepting a very few particular cases, we may say that at least 
one sex of all species of Siphonaptera, Pupipara, Tabanide, Simuliide, 
and Culicide suck blood, but of the total number of species of Muscidae, 
Psychodide and Chironomide only a very small percentage have the 
habit: this paucity of species unfortunately does not mean that the 
number of individuals of these three families is any the less, for most of 
us have had abundant opportunities of observing the prevalence of 
sand-flies (Phlebotomus) at certain seasons of the year, although the 
number of species of this blood-sucking genus probably does not repre- 
sent five per cent. of the total number of harmless species in the family 
to which it belongs. The same is true in an even greater degree of the 
Midges (Ceratopogon, family Chironomide) and of the blood-sucking 
Muscide, for they constitute only a very small fraction of the total 
number of species in their respective families. 

As regards the second Order, Rhynchota, which includes blood- 
sucking species among its members, we find again that these form only 
quite a small proportion of the Order as a whole. Among the Lice 
(Pediculide)* are species which pass their whole lives from egg to adult on 
the body of the host, and whose structure has evidently undergone 
great modification to fit them for a purely parasitic existence. The 
Bugs (Cimicide), though often remaining for some considerable time on 
the body of the host (generally man), usually pass the greater part of 
their lives elsewhere, and seek their victim only when wanting blood. 

The results of recent work on the relations which exist between the 
life of blood-sucking insects on the one hand, and on the other the life of 
man and of those animals which he breeds for his pleasure and _ profit, 
have shown an unexpectedly close connection between the two, and of this 


* Often classed as a distinct order Anoplura, 
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the practical outcome 1s seen in the growing body of pari ice 
to the transmission and spread of disease among men an cattle. ere 

insects may carry the “" germs of disease from 


are two ways in which 1 
one place os another. They may alight upon the excrement of diseased 


persons or animals, or upon sores on the Bae or ie any ee infective 
matter, and may then convey the infection elsewhere on their contami- 
nated bodies or in their excreta. The transmission In this case is purely 
mechanical and it is immaterial by what kind of insect 1t 1s effected, 
though owing to the nature of their habits it 1s the Diptera which are 
chiefly concerned. It is not however in this connexion that the chief 
importance of blood-sucking Insects lies, but rather in the part they play 
in the propagation of diseases which are due to the presence of certain 
microscopic parasites in the blood. It seems that in general these para- 
sites can infect a healthy animal only by being directly introduced into 
its blood, and in the absence of blood-sucking insects it is difficult to see 
how this could very often occur: on the other hand, if blood-sucking 
insects are present they afford at once a ready means whereby 
a blood-parasite might be sucked up from one animal and 
introduced into another at a subsequent bite. It is in this way that the 
parasites appear to be usually transmitted, but there is still uncertainty 
as to the details of the process in many cases: the chief difficulty lies in 
deciding whether the parasite is carried by the insect from one animal 
to another in a simply ‘* mechanical’’ way, undergoing no change en 
route, or whether, as in the case of the malarial mosquitos, the parasite 
on entering the insect’s body undergoes a more or less prolonged series 
of changes before it is in a fit state again to infect a healthy animal’s 
blood. The fact that insects have been found to have parasites of their 
own which are extremely similar to certain forms of mammalian blood 
parasites renders the matter more complicated, as does also the remark- 
able hereditary transmission of infective power exhibited by certain 


Ticks. The consideration of the Arachnids is outside the field covered 
by this book, but the Tic 


ee » but the human head-louse has been 
ly aie school-children (Mackie). Of 
ies = cattle (Hippobosca, Stomoxys, and 
= ea Bho Sa of being the agents whereby 

> IS spfead, and investigations are now 
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being carried on in this country with a view to deciding their relative 
importance in this connexion. (Leese). 

While the Indian Hippoboscide, M uscide, and Tabanide are primarily 
pests of horses, dogs, and cattle, the remaining families of Diptera 
attack man freely, though they none of them confine their attentions 
entirely to human beings; the bull-flies or ‘‘ buffalo-gnats ’’ (Simu- 
luid@) are said to bite so fiercely and impartially as to render certain hill 
districts practically uninhabitable during part of the year, either for 
man or beast, and the ferocious little sand-flies of the plains are well- 
known as disturbers of our slumbers. No very serious study of the 
Simuliide, or of Chironomide. or Psychodide seems to have been made 
from the medical or veterinary point of view, attention having been 
mainly directed to following up and extending the original researches of 
Ross and others on Mosquitos, but the possibility of sand-flies trans- 
mitting disease would seem at least worth investigation in this country. 
As far as the Indian species of Culicide are concerned, reference to 
the list will show that we have about a hundred species at 
present known, though it is certain that a considerable number still 
await discovery. Of these only a part act as disease-carriers : and, of 
those species known to be capable of so acting, not all have been found 
actually carrying disease-parasites in nature, but have been proved by 
experiment to be able to carry them. It is not improbable that all 
species of the genus Anopheles will be found capable of carrying the 
malaria-parasite. The commonest Myzomyia (M. rossi) is not a natural 
malaria-carrier, but M. culicifacies, christophersi (==liston’) and Tur- 
khudi are. Of the genus Nyssorhynchus, N. stephens, fuliginosus, 
Indiensis, and Theobaldi are carriers : perhaps also Cellia albimana. All 
these species are Anophelina. Among the Toxorhynchine and dine 
none are known to convey disease, but the Culicide include several 
dangerous species. Of these by far the commonest is Culex fatigans, the 
common brown household mosquito of Northern India. This insect 
carries the worm-like parasite (Filaria) which is the cause of various 
painful and unsightly conditions grouped together as ‘‘ Filariasis ”’ 
and including elephantiasis, lymphangitis, and divers varicose affec- 
tions particularly common in South India. Culex fatigans has been sus- 
pected of complicity in the spread of some other diseases, but hitherto’ 
without definite proof. Another Culicine genus, Stegomyia, is abundant 
in India, the commonest species being S. scutellaris, which seems to be 
widely spread. A closely related species, 8. fasciata, occurs, in Bengal, 
in the neighbourhood of Calcutta, and this particular species is well 
known to be the carrier of yellow fever in the West Indies ; whether S. 
scutellaris can also convey this most deadly disease is unknown. 


The question of the chances that yellow fever may be introduced 
into India in the near future is one which merits perhaps more than a 
passing glance, and we venture to borrow a passage on this subject 

ae 


from Manson’s ‘‘ Tropical Diseases.’’ ‘‘ The probable reason of the 
non-introduction (of yellow fever) into Asia is that the trade route from 
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the West Indies to China and India has hitherto not been a direct one, 
but has passed by a long circuit either to the North or to the South. 
When the American inter-oceanic canal has been constructed, there will 
be direct and rapid communication between the present yellow-fever 
centres and Asia. With this more direct and more rapid communication 
there will arise a corresponding risk of spreading yellow fever into a 
huge section of tropical humanity which has hitherto en} oyed exemption 
from one of the deadliest diseases afflicting mankind. An infected 
mosquito (and Stegomya jasciata, according to Giles, is a good traveller), 
either shipped by accident or brought on board by some thoughtless or 
malicious person, could easily be conveyed alive to the shores of Asia, 
and would suffice to set, so to speak, the whole of the tropical section of 
the Eastern hemisphere in a blaze. The history of the spread of disease 
by the rapid methods of modern travel is full of examples that should 
serve as a warning to our rulers and responsible sanitary authorities. 
Let us hope that before the central American canal is completed this 
important matter will receive the attention it demands, and that due 
care will be exercised that America does not reciprocate the introduction 
of cholera from Asia by a return gift of yellow fever.”’ 


RHYNCHOTA. 


(Hemuptera).— Bugs. : 


Two pairs of wings, the upper hyaline at the apical half only. or both hyaline 
throughout, with few veins. Mouth-parts suctorial. Antenne simple, 
Metamorphosis simple, the wings developed outside the body, the 
nymphal and imaginal! stages little differentiated and of almost equal 
duration and importance in most forms. The order includes only 
insects whose nourishment is the sap of plants, or the blood of 
vertebrate animals or insects obtained by suction. 


The most characteristic feature of these insects is the suctorial beak, 
in which the lower lip (labium) forms a sheath for the mandibles and 
maxille which are the actual sharp piercing organs; applying the tip of 
the ‘‘beak’’ to the plant or insect, the sete are pushed in, the ‘“ beak’’ 
tself not entering the tissues but only the sete ; the semi-tubular labium 
is partly covered at the base with the more or less elongated upper lip 
(labrum). 


The order is a large and distinct one, but it includes a greater variety 
of forms than perhaps should be included in the limits of one order. It 
is commonly divided into two sub-orders Heteroptera and Homoptera ; 
these may be defined on two characters, first, that the tegmina are 
thickened at the base or are of the same texture throughout ; second, 
that the head does not touch the coxe or is so inflexed as to be in 
contact with the front coxe. The two series are in the main distinct 
and there is good reason to separate the first as a distinct order, the 
second as not necessarily one but perhaps two or three orders. We 
treat them as forming three sub-orders under one order. We have 
explained below the grounds for treating Phytophthires as a distinct 
sub order :-— 
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Sub-orders. | Divisions. Families. 
Rhynchota. | Heteroptera | Gymnocerata (land) ee 
| | Ory ptocerata (aquatic) 20—25. 
| Homoptera Trimera (Freeliving) 26—30. 
| Phytophthires. _ Dimera (Semiparasitic) of Re 
| | Monomera (Parasitic) 34. 


For details as to the classification and of individual species the stu- 
dent should consult Distant’s volumes on the Fauna of India, first read- 
ing the introduction and familiarising himself with the terms used. 
These enumerate the Indian forms as far as the Jasside ; all literature 
references will be found in these volumes, but we may remark that little 
has been recorded on the habits of Indian Rhynchota and that Atkinson is 
almost the only author in eee who has eee papers on the group, 
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The characters used in separating families relate to the antennew and 
hemelytra. The terms used are shown in figures 435 and 436; the stu- 
dent wishing to identify species will find the terms used in the Fauna 
of India fully explained in Volume I of Rhynchota ; we have used this 
as the basis of classification throughout the group. 


Perec PMU S oa ee ee a cto A -"*CLAVUS 
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Fig. 436—WINGS OF HETEROPTERA. 
HETEROPTERA. 


Front of head not touching the coxw. The tegmina usually le flat 
on the abdomen and the basal half is thickened. 


The sub-order falls into distinct series, the first, Gymnocerata, having 
conspicuous antenne, the second, Cry ptocerata, having the antenne more 
or less concealed ; the former includes all the terrestrial H eteroptera, and 
those that live on the surface of water ; the latter includes all the Hete- 
roptera that live in water as well as one species living on mud (Pelogonus) 
and a few on land (Mononyzx). The sub-orders are thus easily recognised 
in the field. A key to the families will be found in the Fauna of India, 
Rhynchota, Volume I. 


A feature of the great majority of the Heteroptera is the aromatic 
odour they protect themselves with. This odour is due to the secretion 
by special glands of an oily fluid, which is excreted at will from the 
odoriferous orifices and rapidly volatilises. The odours are very marked 
in Pentatomde, Coreida, Lygwide, Pyrrhocoride, some Reduviide, and 
in Cimicide : they are ordinarily characteristic of the plant-feeding groups, 
only a few of the predaceous Reduviide having them. Throughout 
the Heteroptera, the imago is a very important and active stage of life, 
the previous development being practically only a growth in size, with 


the gradual development of wings. There is none of the specialisation of 
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Coleoptera and Hymenoptera. The nymph, 


periods seen 1n Lepidoptera, ? 
the same habits and structure as the 


as it comes from the egg, has much 


adult and the changes at the separate mot : 
noult, next to the assumption of functional 


wings, is the change in the position of odoriferous glands, one new pair 
o> i / = , 

becoming functional on the ventral surface of the thorax, 1n place of the 
surface of the abdomen. The final moult does 


ilts are very small. The most 


noticeable change at the last 1 


two pairs on the dorsal 
not imply sexual maturity, but the development of the sexual organs 
continues for some time and a period considerably longer than the 
nymphal period may elapse before the sexual organs are really mature. 

There is thus no metamorphosis and though we may find, in the 
young nymph especially, habits and colouring which it loses in a later 
instar, the change is not an abrupt one. Details of the metamorphosis 
of few Heteroptera are known in India, but there is a certain amount on 
record and a good deal more not yet placed on record. There are prac- 
tical difficulties in observing the nymphal life, but these can be overcome 


in the case of plant-feeding species. 


PENTATOMID. 
Scutellum large. 


Pentatomid bugs are recognisable at sight by the large scutellum and 
the mouthparts, even where the resemblance to a beetle is noticeable ; 
beginners will certainly confuse them on superficial examination. They 
are Insects of moderate size, from a quarter of an inch to over an inch in 
length, robustly built and with hard integument. Colours are of great 
variety, black, brown, grey and other sombre colours in a large number, 


green and shades of dull yellow in others, bright colours in a few only. 


Th > ; + 7 ad 1 = 
e colour is often cryptic, in some apparently warning, and in the 


species which live in the soil is the sombre colouration characteristic of 
most Insects in that situation. The form of the body is not modified for 
cryptic purposes and there are only occasionally spines. et th 

integument which are adapted to this end. or whieh ee eae bs 
pe: possibly in rendering the insect creer an pane 

he antenne are five or four-ic; 

usually a little produced ee fapaiatbancier 
ocelli. The rostrum is straight, 
prothorax is well dey 


with small compound eyes and 


lying ins 
ying ,#gainst the prosternum. The 


el 
oped, accurately fitted to the mesosternum and 
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PLATE LXXII.—Pewraromps., 


Coptosoma siamicum, (Plataspidinz), 


he testaceum., “4 

2 cribrarium, i 
Brachyplatys subaeneus. 6 
Cantao ocellatus, (Scutellerinas), 


Chrysocoris stollii. 
Scutellera nobilis, 


Hotea curculionides, 
Alphocoris lixoides. . 
Podops dentatus, (Graphosomatine), 
Erthesina fullo, (Pentatominee) 


(Plate painted by D, N, Bagchi, Indian Museum, Calcutta.) | : 
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hemelytra ; the scutellum is large, either covering the whole abdomen, 
or occupying a large portion of the base of the abdomen between the 
hemelytra. In the former case the 
hemelytra, protected by the scutellum, 
are not thickened at the base but are 
membranous throughout. The hemelytra 
fit closely to the abdomen, the apical 
membranous half of each overlapping. 
The lower wings are below the hemelytra 
and both pairs function in flight. Wing- 
less species with abbreviated or much 


reduced hemelytra occur. There are 
Fig. 437-—-SCUTELLERA NOBILIS. small orifices of the scent-glands on the 
(After de Niccvitle) ventral surface of the thorax, whose 
position is useful in the discrimination 
of genera. The abdomen is short and thickset, its margin in some 
cases is visible from above and not covered by the hemelytra. 
The integument of the whole body is so rigid that the relative positions 
of the parts are accurately maintained and are useful in classification, 
a statement that can be made only in’ the case of this family, 
and the Coleoptera. Males and females are commonly similar in 
external appearance, the former sometimes smaller. 


The life-history is similar throughout the family. Eggs are laid in 
clusters on plants or elsewhere in the open ; these eggs are commonly of 
the shape of an upright cylinder, about one-tenth of aninch high, witha 
flat cover on the top (like a barrel). When they hatch, this cover opens, 
either being attached at one side or coming completely off. The young 
insect is flattened, the body nearly round, and is active. It feeds on the 
juice of plants and passes through a number of moults with the gradual 
development of wings, etc., till it is full grown. The tarsi usually have 
only two joints, the third developing at the last moult; the odoriferous 
glands are in the abdomen and open on the dorsum at the apex of the 
third and fourth abdominal segments. The colouring of these young 
insects is commonly different to that of the adult and often very striking 
The number of moults is usually five; the nymphal life 1s commonly 
short, the imaginal being the long and active period to which the 


nymphal is subordinated. The adults are found upon plants, upon 
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trees, among grass, under fallen leaves and in decaying vegetation. 
Many are diurnal, brightly coloured species which live exposed on 


plants, many are nocturnal, especially 
the dark coloured species which live 
in thick grass or under leaves. Many 
have special foodplants upon which 
they feed principally or wholly and to 
which they are specially adapted ; in 
afew the foodplants appear to be 
numerous. Whilst the majority are 
plant-sucking, extracting the sap of 
green plants, a number (Amyotema) 
are known to be wholly or partly pre- 
daceous on insects, sucking the fluids 
from their bodies. This habit is found 
in the nymphs as in the adults. Nota 


great deal has been observed on this Fig. 438—TEssaRATOMA JAVANICA 
point, but so far as observation has sea 


oa the greater number of these insects are herbivorous and only 
ew predaceous. In particular the fo 

od of the species f 
bark of trees, under fallen leaves a 


amon i ; 
uncertain. A small g decaying vegetation, is 


: pH 8 are almost wholly burrowing insects, 
soll and spending their whole life there, emerging only’ 


K d no n 


living in the 


; which may 
com 

oo ee paratively numerous. These insects are most 
Q ant during the rains when vegetation 


and a number of species probably 
whole, it is probably correct to say th 
hibernate and estivate as adults ee 


or two broods during these months 
away for the winter. 


is in active growth, 
breed only at this time. As a 
at the majority of Pentatomids 
ng eggs in the rains; there are one 
. tiene ee the imagines in November hide 
in the cold weather and hide away in Be ge ee ee 
active and breed ; : rains. A number become 
and these become ey i dry oe weather if food is available, 
of hibernation and sstiv i, oerous In irrigated crops. The conditions 
eee ae eet. ¢. } vation are determined by the degree of cold and 

ason as well as by fhe abundance by food ie ne 


varies with differe 
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tracts ; the Student may, howeve b h 
y, ‘ver, remember that 
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the adult is the resting stage and that even in hot weather, they live 
for long periods waiting until food is plentiful enough to admit of their 
producing eggs and of the young surviving. 

Pentatomids are, in spite of their abundance and herbivorous habits, 
rarely destructive to crops. The reason is that the individual bugs do not 
extract sufficient sap from one plant or one twig to do harm, but they 
move about from plant to plant, sucking here and there, and not 
weakening the plant. It is only when they are exceptionally abundant 
or when they attack specially susceptible parts (eg., developing 
grain heads), that they are destructive. Of the number of common 
species mentioned below, none are major pests, a few are minor 
occasional pests of little importance. 


The Pentatomids appear to be protected by the powerful scent 
produced by the scent-glands, as are most Heteroptera. This scent which 
is the volatilised oil, has a very strong effect on many animals and 
probably on predaceous insects; it is apparently not a complete 
protection as wasps and mantids have been observed to eat Pentatomids. 
The eggs are parasitised by Chalcide, which constitute one check ; 
other checks are the slow reproduction and the limited duration of 
the seasons when abundant food makes reproduction possible. 

Pentatomide are one of the largest families of the order, spread over 
the tropical and temperate zones, most abundant in tropical regions. 
The Indian fauna is Indo-Malayan mostly, with a number of Palearctic 
hill forms which extend into the north and with the larger number of 
species known only from hill or submontane forest localities. The known 
plains fauna 1s a fraction only of the whole, though our knowledge of the 
plains species is defective and it is probable that the number of species 
in the plains is nearly as large as that of the sub-tropical forest and hill 
areas. The student will find descriptions of the Indian fauna in 
Distant’s Rhynchota in the Fauna of India, wherein 542 species are 
described with the addition of 46 species in the appendix to Volume IV. 
The 11 sub-families can be made out without difficulty, but the subse- 
quent classification and recognition of species is at first difficult without 
the aid of a good reference collection. 

Plataspidine.—The scutellum completely covers the abdomen, 
the hemelytra being folded away underneath. These little ingects 
are clearly distinguishable and are fairly common, Brachyplatys and 
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es common in the plains, species which 


(Plate LX XII, figs. 1—4). 


Coptosoma include the speci 
are distinguishable only with some care 
p is st wl s species of the former 

B. subaéneus, Westw., is the most widely spread sp | 
destructive in one Instance to Jute plants 


genus, and has been found 
and also to feed specially upon val (Dolichos lablab). Coptosoma cribra- 
rium, Fabr., is widespread and perhaps the most generally distributed 
insect of this sub-family. Like the preceding species, this has a habit 
of clustering gregariously on growing plants, specially on the stems of 
such plants as Jute and val (Dolichos lablab) which are growing freely. 
Though very common, none appear to be pests since they do not 
confine their attacks to individual plants for a sufficiently long 
time to do harm. C. siamicum, WIlk., is widespread and common, 
appearing in abundance in the rains among dense vegetation. The life- 
history of no species has been worked out, and though these insects are 
most common in the rains, they have been found at all seasons 
of the year. 


It is a curious fact that, while the adults are commonly found 
exposed on plants, the nymphs are not, and it is probable that nymphs 
of this group live wholly in concealment at the surface of the soil or at 
the roots of plants. This applies very markedly to this sub-family and 
also to a large majority of the whole family ; the species whose nymphs 
are found living an open life is comparatively small and it will be 
interesting to learn details of the life of these concealed nymphs. 


Scutellerine.—The obvious character that distinguishes this sub- 
family is the extension of the scutellum over the hemelytra, the latter 
not being long and folded as in the previous sub-family but straight. 
The extreme base of the outer margin is alone not covered by the 
scutellum. The insects are larger, more brightly coloured and without 
the peculiar facies of the previous sub-family (Plate LX XII, figs. 5—10). 
Cantao ocellatus, Thunb., is commonly found upon trees ie vegetation 


and in tk Fe : ; 
1e fields during the rains. The female has been found to lay a 
number of eggs : 


es a leaf and to sit over the eggs until they are hatched. 
includes large cade nae a ey pian and the hills. Paczlocoris 
Scutellera re Boe oe pated Species rarely found in the plains. 
found among vegetation ss the metallic green or blue insects 

oveetion. 8. nobilis, Fabr., is the usual species. de 
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Brachypelta aterrima, (Cydnine). 
Stibaropus molginus, 3 
Cydnus indicus, i 
Halys dentatus. (Pentatomine). 
Eusarcocoris guttiger. 
Hoplistodera virescens. 
Halyomorpha picus. 
Plautia fimbriata. 
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Agonoscelis nubila. 
,, 10. Dolycoris indicus, 
, ll. Antestia anchora. 
» 12. Bagrada picta. 


(Plate painted by D. N. Bagchi, Indian Museum, Calcutta.) 
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Nicéville records this as attacking grave vines and figures the eggs and 
nymphs (Indian Museum Notes, V, peel o): S 

Chrysocoris stollii, Wolff, is closely similar and equally general. 
It has been found among forest trees and in dense vegetation. Its life- 
history is briefly described by Kershaw and Kirkaldy as seen in 8. China 
(Trans. Ent. Soc., London, 1908, p. 59). Chrysocoris purpureus, Westw., 
and C. marginellus, Westw., are stated by R. M. Dixon to be injurious 
in gardens. The former breeds freely on Jatropha curcas, a common 
bush; it is familiar in South India, where children know it and catch 
it to play with. 

Hotea curculionides, Herr. Sch., is a brown species, with a resem- 
blance to a weevil, found among dead leaves. under large trees. The 
nature of its food is unknown. Alphocoris lixoides, Germ., has a still 
more marked resemblance ; it is found so rarely its habits have not 
been observed. Arctocoris incisus, Stal., is a small dark form, with the 
pronotum deeply transversely impressed and the whole body and 
scutellum densely clothed in long hairs. It is found in the loose surface 
soil in Behar and is seen but seldom. 


Graphosomatine.—In these the scutellum is long, but the basal 
and outer margins of the corium are exposed and sometimes the apex 
of theabdomen (Plate LXXII, fig. 11). Four species have been found 
in Behar, under leaves in the fields or jungle, though all are recorded by 
Distant from the hills alone. These are all dull brown or black species, 
the typical colouring of insects which live a concealed life on the surface 
of the soil under leaves. They are Storthecoris nigriceps, Horv., Amauro- 
pepla denticulata, Hagl., Melanophara spinifera, Westw., and Podops 
coarctata, Fabr. All are likely to be found if surface insects are being 
collected in the plains. The first two are to be found at the roots of 
sugarcane where also their nymphs occur. The last was reported as 
injurious to rice in the Salem district in July, 1907, with Tetroda 
histeroides, Fabr., the only known case of this species being destructive. 


Cydnine.—Almost the whole of the basal ventral segment is 
covered by the metasternum. These are deep brown or black insects of 
moderate size, found under stones among fallen leaves at the surface of 
the soil, in dense vegetation or in the soil itself. Some are notorious 
owing to their habit of coming in immense numbers to lights at night, 
and as their odour is a very powerful and aromatic one, they are a 
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distinct nuisance In the rains. AS they are otherwise but seldom seen 


and are not found unless looked for, few species are recorded as 
general. 

The most remarkable form is Stibaropus molginus, Schi., a moderate- 
ark brown insect, with a very close resemblance to a Melolon- 


ly large d 
thid beetle and remarkable legs. The femora and tibie are swollen, 
very much so in the hind legs, and suggest the burrowing legs of the 
Coprid beetles, with the difference that the maximum development 
lies in the hind legs, which are very thick and truncate. The 
remarkable white nymphs of this insect were found by C. A. Barber at 
the roots of a palm in5. India at a considerable depth below the 
surface. They have the same burrowing legs as the adult. This 
insect is less common than the smaller 4. callidus, Schi., found 
in the plains of Bengal; the adult insect flies at night and is 
also found among the roots of plants; it 1s typically a burrowing 
insect. We have found it extraordinarily abundant on the Ferry 
Steamers on the Ganges attracted by the electric lights and it 
appears to be most common near large rivers in loamy soil (Plate 
LXXIII, fig. 2). Cydnus includes the common black ‘‘ geranium 
bugs’’ or ‘‘ gundies’’ which are so great a nuisance (Plate LXXIII, 
fig. 3). CO. indicus, Westw., and C. varians, Fabr., appear to be the 
usual species found. Their normal habitat is on or in the soil, but at 
certain seasons in the rainy months, they come out in great 
abundance possibly because they are flooded out by excess of rain, 
possibly because this is their normal habit. 


: Reis pygmeus, Dall., is a smaller species, less commonly found, 
i . as | likely to be generally distributed. The only other common 
ydnid 1s Brachypelta aterrima, Forst., larger than Cydnus, coal black 


in colour and found in the field 
lds especiall 
year (Plate LX XIII, fig. 1). pecially in the early months of the 


Chilocoris niti 
a the mitidus, Mayr., is one of the smallest of the group, a 
ra erie: only sth inch in length. The flat head is set 
argin with spines and suggests that of a Coprid beetle ; it is 


found in soil 
Soll, under gs 
ihe stones or among decaying vegetation. Apparently 
ormally at the roots of , 


extensively found there 


it breeds 
sree the nymphs having been 
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Pentatomine.—An extensive sub-family, with a distinctive facies 
and usually recognisable, but whose divisions are complex and should 
be studied with care in Distant’s volume. This includes the largest 
number of common species, of which we can mention only a few. 
Lrthesina fullo, Thunb. (Plate LXXII, fig. 12), and Halys ‘dentatus, 
Fabr. (Plate LXXIII, fig. 4), are two large dull coloured species with 
rather elongated head, the former with flattened tibiae. They are 
commonly found upon the bark of trees and there is some reason to 
believe they are predaceous habitually or occasionally. 

Dolycoris indicus, Stal. (Plate LX XIII, fig. 10), appears to be the 
most universal of the Pentatomids in the cultivated plains. It is found, 
with Agonoscelis nubila, commonly upon crops, especially jute, lucerne, 
maize, juar and similar green crops, while it ocasionally attacks ripening 
heads of juar and other millets. It is plant-feeding, but no instance of 
serious destruction caused by it has yet been recorded. 

Eusarcocoris includes small bugs of rounded form, similar to Cop- 
tosoma with the scutellum rather large and prominent. These are found 
upon plants (Plate LX XIII, fig. 5). .£. guttager, Thunb., and £. ven- 


tralis, Westw., are the common plains species. 


Plautia fimbriata, Fabr. (Plate LX XIII, fig. 8), is a green species, 
the hemelytra deep reddish, found on plants in the hills and_ plains 
and widely distributed. Antestva, 
Eurydema, Stenogyzum, Bagrada 
and Strachia include brightly 
coloured insects of a similar 
facies, marked in red or yellow 
upon black (Plate LX XIII, figs. 
12 e Plate Rix ie, eck). 
A. anchora, Thunb., and A. 
cruciata, Fabr., are hill species, 
the latter destructive to coffee 
berries and reported as des- 
tructive to garden plants and 
fruit. EH. pulchrum, Westw., 
though mainly a hill form, is 
certainly found in Behar and may 
extend further. It feeds upon 


Fig. 439—BAGRADA PICTA, 
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cultivated rape, mustard and allied plants. Stenogyzum speciosum, Dall., 


‘s a smaller insect, found in widely scattered: localities: -Hagn aint ds 
Fabr.. is the widespread and abundant species, which perhaps set 
PE: of all this family to being a pest, large numbers being 
occasionally found upon rabi cruciferous crops. It was strikingly 
abundant over North India in the early months of 1909. Strachia 
erucigera, Hahn., is a Malayan form found also in the Assam Hills and 
the valleys of Assam and Eastern Bengal, feeding also upon Cruciferae. 

Agonoscelis nubila, Fabr. (Plate LXXII, fig. 9), 1s an ochreous spe- 
cies with a very close resemblance to Dolycoris indicus, with which it is 
constantly found upon field crops. (The distinction between these re- 
markably similar species is that in Dolycoris the margin of the abdomen 
shows beyond the margin of the wing ; in Agonoscelis, the wing complete- 
ly covers the margin of the abdomen. ) 

Catacanthus incarnatus, Dru. (Plate LX XIV, fig. 4), is a large and 
brilliant insect, of a bright red or orange colour, the margins of the ab- 
domen projecting at the sides and banded in yellow and black, much in- 
creasing the brilliant effect of the colouring. This is not a common in- 
sect and probably increases slowly but is widespread over the plains. 

Nezara viridula, Linn., is the familiar green bug so common on potato 
plants, which is now distributed almost over the whole world. It is a 
uniform leaf green colour above, in. 
some with a lighter blotch behind 
the head (fig. 440) or yellow with 
only green spots. It is common on 
low crops and can scarcely be reck- 
oned as a pest. Piezodorus rubro- 
fasciatus, Fabr. (Plate LXXIV, fig. 
10), is a smaller species, paler and 
duller in colour and often straw 
coloured, which is very abundant 
among low crops and is obtainable 
in quantity on irrigated crops, 
pecially lucerne and senjl, 
hot weather. 


es- 
in the 


Fig. 440—NEZARA VIRIDULA. 
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PLATE LXXIV.—Pentatomip 2. 


‘Fig. 1. Eurydema pulchrum. (Pentatominae). 

2. »Canthecona furcellata. (Asopinae). 

3, Aspongopus janus. (Dinidorinae), 

4. Catacanthus incarnatus. (Pentatominae), 

5. Audinetia spinidens. (Asopinae). 

6. Urolabida histrionica. (Urostylinae). 

7. Placosternum dama. (Pentatominae). 

8. Tessaratoma javanica, (Tessaratominae). 

9. Megarhynchus rostratus. (Phyllocephalinae). 
s, 10, Piezodorus rubrofasciatus. | (Pentatominae). 
5 ll. Cyclopelta siccifolia, (Dinidorinae). 

», 12. Elasmostethus recurva. (Acanthosomatinae). 


— ¢(Plate painted by D, N. Bagchi, Indian Museum, Calcutta.) 


PENTATOMIDAE III. 
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leg. Like others of this division it is a predaceous insect, with a foreleg 
approaching in function and structure to that of the Mantide. Canthe- 
cona furcellata, Wolff. (Plate LX XIV, fig. 2), is another form with some- 
what the appearance of Dolycoris indicus, but with the lateral angles of 
the pronotum spined. It is found upon crop plants in company with 
Dolycoris indicus, and Agonoscelis nubila, but is markedly predaceous 
and can readily be seen to suck out caterpillars and other small insects, 
We found it breeding abundantly in a plot of bariar (Sida rhombifolid) 
in which caterpillars were particularly abundant, and it is usually found 
breeding in such situations. In the intervals of such abundance of food, 
the imago appears to lead a precarious life of search for food. It has 
proved a very serious enemy to the cultivation of fussur silkworms in the 
open ; large numbers of the bugs came to the bushes on which the worms 
were and, in spite of constant destruction, managed to search out and kill] 
many worms. Itis probable they play a very important part in checking 
caterpillars generally. Andrallus (Audinetia) spinidens, Fabr., is a rarer 
insect, which feeds upon larve of Thermesia rubricans and other catet- 
pillars, which is equally found among herbage and low crops (Plate 
LXXIV, fig. 5). Amyotea (Asopus) malabaricus, Fabr., is a bright ted 
insect with black markings found occasionally upon cultivated plants. 

The life-history of Zicrona cerulea is described by Kershaw and Kir- 
kaldy (Journ., Bombay Nat. Hist. Soc., XTX, No. 1, 1909) ; it is found in 
China to feed on the beetle Haltica cerulea, Oliv., the nymphs feeding 
on the larve, the adults on the beetles. (The author’s use of Cimicide 
for Pentatomide in that paper will confuse the student unless he knows 
that Mr. Kirkaldy uses Cimicide as the correct name for Pentatomide 
and Khinophilos or Acanthia for Cimex, a practice followed by this 
author and a few others.) 


Tessaratomine.—Tessaratoma javanica, Thunb. (Plate LXXIV, fig. 
8), is a large brown bug over an inch long, found upon trees. Mr. Dixon 
has observed that it produces a loud shrill noise when seized. We figure 
it in its nymphal form when it is extremely flattened and leaflike 
(fig. 352) of the delicate red colour of many young leaves ; it is common in 
hill localities. ‘Nhe bug is remarkable as having a stridulating organ 
in both sexes. Its life-history and stridulating organ are figured and 
described by Kershaw and Muir (Trans. Ent. Soe., London, 1907, 
p. 253). 
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small, membrane large. Cyclopelta 


siccifolia, Westw. (Plate LXXIV, 


Dinidorine. The scutellum 
includes several species of which ‘63 
fig. 11), appears to be the most common. 
This insect is found feeding upon cul- 
tivated pulses, and its eggs are laid 
in clusters upon the shoots. Aspongopus 
includes several closely similar species 
of which there are three common gener- 
ally. A. janus, F., has the pronotum 
and base of elytra bright red, the head, 
base of scutellum and membrane of wings 
black (Plate LX XIV, fig. 3). A. brunneus, 
Thunb., and A. obscurus, F., are dull 
brown above, the former with the 


abdomen above (under the wings), red, 
the latter with it black. These insects Vig. 41—TeEssakaToMa PaPIL- 


let LOSA DR. NYMPH. 
are commonly ound on low crops, among 


roots, stones, etc. One species, 4. nepalensis, Westw., is stated to be 
used as food by natives of Assam, pounded with rice. (Garman in 
Distant.) It is probable that the insect gives a powerful aromatic 
flavour to the rice. Megymenum parallelum, Voll., is one of the many 


black bugs found among fallen leaves, stones, etc., of whose food 
nothing is known. 


Phyllocephaline.—This sub-family includes few common species, 


characterised by the markedly lobate head. The single species Randolo- 
tus elongatus, Dist., with the three species (VM. rostratus, Fabr., M. trun- 
catus, Westw., M. limatus, Herr Sch.) of Megarhynchus appear to be far 
more i iete al than the recorded distribution would show. They are of 
peculiar “‘dry grass’? colour as befits their habitat and are ace in- 


habitants of lon 
: g dry grass in waste land 
troda histeroides. Fabr., isa black s RMR oy el 


with Podo ps Coarctata, F. 

Urostyline.—Three 
labida is without ocelli, 
onica, Westw. | 


pecies, sent from Salem as a pest of rice, 


ene insects 
genera of insects not common generally. Uro- 


and inel : 

i ce ae udes the only common species U. histri- 
> @ greenish Insect with dull] 
tenne and short rostrum (P] 


upon the leaves of trees 


yellow markings, with long an- 
ate LXXIV, fig. 6); the bug is found 


and is known fr 
known from the Himalayas and _ places 
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in the Gangetic valley and delta. Urostylis punctigera, Westd., and Uro- 
chela quadripunctata, Dall., are also found rarely in the plains. 

Acanthosomatine.—Are distinguished by the tarsi being two-jointed. 

Microdeuterus is represented by two species, sparingly found. Acan- 
thosoma, Sastragala and Anaxandra have the pronotal angles prominent 
or spined ; there are a number of species, widely spread and rare. Elas- 
mostethus recurvum, Dall. (Plate LX XIV, fig. 12), and others of this genus 
will also be found. 


Collecting—Pentatomids are obtained by sweeping and beating 
vegetation, by ordinary searching on plants, among grass and low her- 
bage, on the bark of trees, under dead leaves and decaying vegetation. 
Some come to light. Rearing is easy only if the living plant can be pro- 
vided and maintained in vigour to supply the plant sap. When cap- 
tured they may be killed in a Cyanide or B. C. bottle and pinned through 
the scutellum or right hemelytron. Wings need not usually be set. 


What is principally required in this family is accurate observation 
as to the food-plants of the nymphs and adults ; very little is known and 
prolonged observation is usually required to determine what the food 
really is. Another interesting problem is that connected with breeding 
and seasonal appearance ; very little is known as to the seasons at which 
these insects breed or what checks their increase, and since all the common 
species can readily be determined with the ald of Distant’s volume, there 
is here a large field for observation. 


CoREIDA. 


Antenne inserted above a line drawn from the eyes to the base of the 
rostrum. Scutellum small. Rostrum not curved. 


In almost all cases, this family is immediately recognisable from its 
very distinctive facies. In doubtful cases, such as the red Serinetha. 
the characters must be carefully verified. They are insects of moderate 
to large size for the order, with a length of one quarter to one and a half 
inches. Some are heavily built and massive, others slender. Colouring 


a4 


is nearly always dull, the dead leaf?’ colour very common in the large» 
forms, green or dry grass colour in smaller forms. Serinetha and a few 
others are brightly coloured. 

The head is small, deeply set in the large prothorax, with four-joint- 


ed and moderately long antenne, anda straight four-jointed rostrum 


PLATE LXXV.—Cuavieratta Gipposa. 
Tur Pop Bua. 


Fig. 1. Eggs on pod of Cajanus indicus, 
»,, 2. Eggs from above. x 10. 

asap f side. x 10, 

5 4. Nymph, first instar. x 20. 
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the same habits as the adults. There is very little on record as to the 
food of these insects though what is known points to them being exclu- 
sively feeders on plant sap. Whether they have special food-plants 


Fig. 443—HoOMchOCERUS INORNATUS. NYMPH. 

or not is scarcely known: our common species have special food-plants 
among crops and probably all feed only on particular plants, and their 
increase and spread is, therefore, dependent upon their food-plants. One 
only is a real pest in India, the Rice bug, Leptocorisa varicornis, Fabr., 
injuring the developing seed of rice, and millets. Like other H eteroptera, 
their scent is not the least striking feature of them and though these 
scents are not wholly disagreeable, they are powerful. A rice field 
infested by Leptocorisa can sometimes be known from afar and it is 
probable that the scent 1s ordinarily a protection. 


Distant enumerates 143 species as Indian, adding 33 in the appendix 
to Volume IV, principally hill and forest species. A small number are com- 
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raat, Les er are found 
aot ardabundane ih Che plains and a further small number a 


"ees & ,cetation offer food and shel- 
here and there where abundant trees and veget 


ter. Foursub-families are recognised, distinguished by the troublesome 

and obscure characters that Hemipterists choose for the purpose of 
7 s . ° ts Pe ia al + 4 1a ‘ 

classification and which we omit in this place. 1 he student may see 


them in Volume I of the Rhynchota, in the Fauna of India. 


Coreine include a large number of the large brown species with dila- 
ted legs and expanded — pronota found principally in the hills. 
Anoplocnemis phasiana, Fabr., is the 
commonest species and is found rarely 
in the plains, mainly in the hilly local- 
ities. It is said to live on EHrythrina 
and occurs also on shrubs and grass in 
many parts of India where the vegeta- 
tion is sufficiently abundant. Dalader 
has the abdomen much produced later- 
ally, and, ike the remainder, is the colour 
ofa dead leaf. Apparently the expan- 
sions of legs, antenne, pronotum and 
abdomen found in these insects are de-- 
signed to give the insect a resemblance Fig. 444—ANOPLOCNEMIS 
to adead leaf, but it is far less efficiently ag Te 


effected than in the Lepidoptera and Orthoptera. Dalader acuticosta, 


@| . . bd 
Am. et Serv., and D. planiventris, Westd., are the common species, 
neither found abundantly 


. 


In Homeocerus (Plate LXXVI, fig. 8) 


; this type gives place to a less 
grotesque-looking form, w 


ithout leaf-like expansions. This genus 1n- 
sely similar, some of which are found commonly 
It is not easy to discriminate individual species 


5 med collection. Of the 33 species recorded by 
ess than ten are found in the pl 
ally. Some feed on weeds (H. v 3 


cludes many species clo 
on trees in the plains. 
without the aid of a na 
Distant, i 

ains and these only occasion- 
arvabilis, Dall.), others on such trees as 


Sissoo (H. inornatus, Stal., H levilineus, Stal.). The latter are not 
rea Pets this tree stows, the nymphs — being of the delicate 
green of the leaves among which they feed. H Bch sits aa 
and the gree : ae a | 


the end of a twie 
8: 1 colouring with the dull black of the 
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membrane suggests a leaf withered at the tip, as is so often seen on 
Sissu leaves when the weevil Apoderus has been at work. 

There are a number of other genera _ 
and species, all of which are typically. 
hill and forest species, found but 
rarely in the plains. Physomerus 
grossipes, Fabr., is one of the few 
plains species, a dull brown insect with 
thick curved dark-banded hind 
femora. Acanthocoris scabrator, Fabr. 
(Plate LX XVI, fig. 10), is also found 
rarely; in this the abdomen projects 
laterally beyond the  hemelytra. 
Cletus includes several species of 
smaller thickset insects with slightly 


produced lateral pronotal angles, 


Fig. 445—HOM@OCERUS VARIABILIS. foynd commonly in crops in the 
[I. M 


ae 


plains. None are injurious. Five 
species may be found in the plains and they are not easy to distin- 
 guish. C. bipunctatus, Westd., appears to be the most common. (Plate 
LXXVI, fig. 12.) Cletomorpha resembles Cletus, but has the abdomen 
produced laterally. C. hastata, Fabr., is rarely found. (Plate LX XVI, 
rere 

Pseudophleine.—Clavigralla includes two species, C. gibbosa, Spin., 
and C. horrens, Dohrn., which live on leguminous crops and suck the 
juice. They are not injurious, though sometimes abundant on tur 
(Cajanus indicus). Their small reddish-brown eggs are frequently 
found in clusters on the pods of this plant. (Plate LXXV.) Stenoce- 
phalus lateralis, Chenn., is a graceful dark-coloured bug with a lateral 
light stripe on the hemelytra, found occasionally in abundance on low 
plants. 

Alydine.—Dulichius inflatus, Kby., is the remarkable bug which 
attracted attention from its resemblance to an ant, Polyrhachis spini- 
ger. Wroughton drew attention to this (Proc. Ent. Soc., London, 1891, 
p. xvii) and Rothney stated that where this ant lives on trees the bug 
is also arboreal and not, as Wroughton found, onthe surface under 


stones. 
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Leptocorisa varicornes, Fabr., 1s the rice bug, whose slabae ci - ae 
and millet fields as the grain forms isa serious matter for the cultivator. 
The life-history is dealt with 
elsewhere. (Mem. Dept. 
Agric., Vol. II, No.1.) This 
insect, while living normally 
among grass and thick 
vegetation, multiplies very 
largely in rice fields and 1s 
one of the few distinctly 
injurious Heteroptera. 


Riptortus (Plate LXXVI, 
figs. 1—5) includes several 
species of narrow brown 
insects, found flying among 
grass in jungle, in crops. 
They are common among 


leguminous crops such as 


Fig. 446—LEPTOCORISA VARICORNIS x 2. 


the minor pulses grown with 
other crops and have been seen to suck the pods. R. linearis, Fabr., ap- 
pears to be the most common species. Its life-history is shortly des- 
cribed by Kershaw and Kirkaldy (Trans. Ent. Soc., London, 1908, p. 59) 


Corizine.—Corizus bengalensis, Dall., 
Bhindi (Hibiscus esculentus) 


is common especially upon 


upon which it can commonly be found during 
the hot weather and rains. It is a small b 


very active habits and is, at least in 
sap and mucilage of its food-plant. 


ut peculiarly elegant insect, of 
part, plant feeding, extracting the 
Scar tou 7 | It is found throughout India from 
Funjab to Madras. ©. rubicundus, Sign., also occurs in the plains of 
India with the above Species. The nymphs are dark red with: white 
speckles, the newly emerged adults are bright red at first gradually grow- 
ing dark-coloured. These insects cluster in masses on the buds of Penta- 


petes indica and give the same appearance as do the vivid red flowers 
of the plant. (Plate LXXVI, fig. 13 fe ; 


ermnetha includes two red Species which will be confused with Pyrrho- 

t g r . é : 
found. S. abdominaljs se brightly coloured species likely to be 
eS ie Ree augur, Fabr., are both common, 


coride and which are 
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and are frequently found upon cotton with the Red Cotton Bug 
(Dysdercus cingulatus, Fabr.); they are known not to feed on cotton 
seeds as this species does, and 
are harmless; R. M. Dixon 
observed one specimen of S. 
augur feeding upon another 
of its own species in the field, 
which points to carnivorous 
habits, and S. abdominalis, 
Fabr., has been seen feeding 


Fig. 447—SERINKErHA AUGUR. 


upon Dysdercus cingulatus,- 


Fabr., which it closely resembles. 
BERYTID. 
Tike Coreide but with long legs, the apices of the femora swollen. 


This family includes five small delicate insects of slender build, and 
of great apparent rarity. They are far commoner than their recorded 
Indian distribution would show, but are seldom noticed or collected. 
Paleologus feanus, Dist., was found in Burmah, Metacanthus pulchellus. 
Dall.,in Northern India, Hubertiella cardamom, Kirk., by E. E. Green in 
Ceylon, Metatropis aurita, Breddin, in Darjeeling and Capys malacaipus, 
Stal., in Ceylon. The unobservant student will probably think he has 
the little Reduviid Lorichius umbonatus, Dist., when he first sees these 
graceful insects, but he may remember that in this the base of the 
tibia is dilated, not the apex of the femur, even if the rostrum tells 
him nothing. 

Metacanthus pulchellus, Dall., is the common Indian form sometimes 
seen in abundance upon cultivated cucurbitaceous plants. Itis a slender 
greenish insect with the femora and antenne swollen at the apex. 


LYGHIDA. 
Antenne inserted on the side of the head. Ocelli present. 


A family of considerable magnitude, whose members can usually 
be distinguished in the field, not by any accurate characters but by 
family resemblance. There is no real character dividing these insects from 
the Coreid@ : no one would separate the smaller Coreide from many 
Lygaevde (fig. 446) on the one character given, wiz., the position of the 
antennz, and where the student has a small bug obviously possessed of 
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ocelli, it may be either family. The Lygeide are small insects, few 
exceeding one-third of an inch. Some are vividly coloured with 
warning tints, the majority are dull 
earth or bark colour. The head is 
distinct, the antenne moderately long, 
with compound eyes and ocelli. The 
rostrum is straight, In repose closely 
applied to the under-surface of the 
body between the legs. The legs are 


long, formed for active running. The 

hemelytra lie closely on the abdomen. 

Males are distinguishable only with 

difficulty and there are no obvious od 
external characters. oo 


Practically nothing is known of the 


life-history and food of these insects, Fig. 448—HEAD OF CORFID (ABOVE) 
: ; AND LYG EID, 
the life-history of only one species 


(Oxycarenus letus, Kby.), having been worked out in India. A few 
are plant-feeding, one is injurious to a crop plant, one is predaceous 
and the food of the remainder is a matter of doubt. Distant remarks 
that the family is an important one economically. This does not apply 
to India ; we Include only one Lygeid in our list of injurious insects 
this being Oxycarenus letus, Kby., the Dusky Bug of Cotton. | 


Distant enumerates 143 species in the Fauna of India, and has added 
others since (A. N. H., 1909, p. 317). | 


The Indian forms fall into nine sub-families as listed in the Fauna 


of India ; it is probable that 
, » that the classificat 
ie bly sieeve he ation of these insects will be con- 


revision when ivisi 
, > more V 
ere natural divisions are 


Lygeine.—The brightly coloured forms 


| are ] 
red and black insects Piisenee e 


é 
ommon everywhere on vegetation. 
Lygeus militaris, Fabr 


, 18 very com 
ie Re ogee y mon and occurs on cotton and 


las . . 
on akh (Calotropis). It is not injurious and 


7 : ‘The fore femora are armed wi 
oval eggs are laid in ¢| 


seldom abundant. 
th spines. The small 


ae of on sheltered spots on the food 
+ hospes, Fabr., is smaller, without the 


, usters on soil 
plant, the young being red, 
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white markings on the membrane of the hemelytra. Both are common 


throughout the plains. 


Graptostethus includes five species that may 
be found anywhere in the plains, of which G. 
servus, Fabr., is by far the most common. It 1s 
not injurious and there are no accurate obser- 
vations as to its food. G. trisignatus, Dist., is 
common in Assam and as far west as Behar. 
G. dixoni, Dist., is abundant in the Central Prov- 
inces, as also in Bombay. G. maculatus, Dall., 
though recorded only from “ North India” and 
Narkanda, is common in Pusa on low herbage. 
Aspilocoryphus quttiger, Dall., will be confused 


Fig. 449—Lycaus mut with Graptostethus dixoni, Dist. 


TARIS x 3. 


Melanotelus bipunctatus, Dall., is a small 


insect found on sand dunes near the sea. Nysius minor, Dist., is a 


very small delicate insect of a dull brownish 
colour, found abundantly on tobacco and green 
plants. It has been found breeding in great 
abundance upon the common weed, Huphorbia 
pilulifera. 

Cymine includes two genera of small little- 
known insects. Cymus tabidus, Stal., occurs in 
Behar, in grass. 


Fig. 450—Nysits 
MINOR x 4, 


Blissine.—Macropes includes narrow parallel-sided forms in which 
the hemelytra fail to cover the abdomen. M. tinctus, Dist., appears to 


Vig. 451 
GIBBUS, NYMPH, 
(After Distant.) 


be common, while M. punctatus, Wlk., is also 
found. These little insects have spiny dilated 
forelegs and are probably predaceous. Blissus 
gibbus, Fabr., is not uncommon and is en- 
tirely harmless, found on cane, grasses, etc. 


Its nymphs are found at the roots of grasses. 


Geocorine.—Geocoris is the sole Indian 
genus, with small insects with broad head 
and thickset body. G@. tricolor, Fabr., is the 


Common species, found in the twisted shoots of 
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egetarian. 
; ; but may also be veg 
known to be predaceous upon the bugs, but may 

cnov > 


sSUS GEOCORIS 
i 52—MACROPES BLISSUS pi . 
Sie x 42. GIBBUS x 4. TRICOLOR x 4 


Colobathristine.—A_ single species will be found, the slender Artemi- 


dorus pressus, Dist., in which the base of the abdomen is contracted into 
a distinct ‘‘ waist.’’ 


nap 
Heterogastrine.—Four rare species occur in India, and Se 
bomi ist., 1s also 
rhacinus, Dist., common on tree trunks. Enibomius Pusa, Dist., is a 
known. 


Pachygronthine.—A single species, Pachygrontha dixoni, Dist., was 
found in Bombay. 


Oxycarenine.—The only destructive member of this family is the 
little Dusky Bug of Cotton, Oxycarenus 


the cotton growing areas of India. 
cotton seed: the youn 
boll, sucking the seeds, 
Motsch., found on low- 


leetus, Kby., common throughout 
The eggs are laid in the lint near the 
g hatch there and live till they are adult in the 


The only other common species is O. lugubris, 
growing plants 


A phanine.—This sub-family includes the 


Pamera pallicornis. Dall., isa common insect in 
P. vincta, Say. The form 


half is a gulde to recogni 


greater number of species. 
grass as also is the smaller 
of the prothorax with its narrowed anterior 
Sing this genus. It ig probable that these little 
cornis, Wlk., is a little over one- 
black insect found among grass and low 
galensis, Mohrn., will be found and there 
species in the allied genera not yet described, but to 


insects are predaceous. 4 ppolonius cincts 


nearly 
vegetation. Lachnophorus sin 


are probably many 


tenth of an inch long, a, 
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be found everywhere in India. Aphanus is commonly represented by 
dull brown or black bugs found among fallen leaves and in abundance 


* 
} 
Fig. 454—OXYCARE- 
; NUS LETUS. 
Fig. 483--ARTEMIDORUS (After Distant.) 


PRESSUS. x 4 


in the debris at the base of the trunk of a big tree such as a pipal (Freus 
religiosa). A. sordidus, Fabr., A. bengalensis, Dist., and A. orentalis, 


Fig. 455—PAMERA 
VINCTA. X 4. 


Dist., appear to be the common species. De 
Nicéville’s observation as to the injury caused 
by the former insect has never been confirmed 
and, apart from this one instance, these insects 
have not been recorded as injurious. They have, 
however, been found to infest threshing floors 
and. to carry off the wheat grains to the margins 
of the floor and hide them. What nourishment 
they can extract from a dry wheat grain seems 
doubtful, unless their salivary excretion has sol- 
vent powers, but they carry off the grains so 


abundantly that the cultivators require to collect them again every 


morning. 


Dieuches uniguttatus, Thunb., is an abundant insect among fallen 
leaves in grass; it resembles Pamera but is larger. Other species of 
Dieuches will be found, D. leucoceras, Wik., being widely spread hut not 
common. Pwantius festivus, Dist., is the last of these small dusky bugs 
found among leaves that we can mention here ; it is known from Bengal 


and Behar but probably has a wider distribution. 


[IL 
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Collecting.—The smaller species are found in grass, in fallen leaves, 
among thick vegetation and are probably much more numerous 1n 


. Jy fe 1 Y . 
Fig. 456—PAROMIUS SEYCHELLENSIS. X 3. ages satan ne eT 


species than the present records show. They have been very little 
collected in the plains and there is a large field for new work. This is 
true also of the bionomics of the family, the life-histories are almost 
wholly unknown, the food of the adults and nymphs has not been 
recorded and from every point of view the family have been neglected. 


PyYRRHOCORID. 
Ocelli absent. Antenne inserted on the side of the head. 


This family includes a number of species usually of larger size and 


brighter colouring than the Lygeids. The size varies from one-quarter 
to nearly two inches in length. The colours are typically warning, and 
red is the predominant colour. All known are plant-feeding and the 
majority feed openly exposed on their food-plant. There are several 
Species with the membrane of the hemelytra missing or abbreviated, 
and there iS some amount of variation in this respect within the limits 
of a single species. In nearly all the sexes are similar, the males 


ittle smaller: in one Species the male is marked by the great length 
vf the abdomen (Lohita grandis). . 


Details of the life-history 
cingulatus, Fabr.. and nothin 
or life-history 


are known for only one species, Dysdercus 
an 18 appears to be on record as to the habits 
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species. As a whole hase heaseen ae 
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PLATE LXXVII.—Dyspercus Crineuratus. 
Rep Corton Bua. 


Fig. 1. Eggs, natural size and magnified. On the right, without black 
background, is a single egg just before hatching. 


» 2. Nymphs, first instar, immediately after hatching and later. 
5» 3. Nymph, second instar, 

Ameen: & ce third r 

eked ‘3 fourth __,, 

key y fifth 2s 

: \imago. 


The natural length of figures 


2 to 8 is shown by the hair line beside 
each, (Reprinted from Memoirs fe) 


f the Agricultural Department. ) 
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important, Dysdercus cingulatus, F., being a pest to cotton but no 
other species being as yet definitely known to be destructive. What 
checks there are on these insects remains to be -Seen-; a Tachinid 
parasitises Dysdercus cingulatus and Mr. Mason has found that, despite 
the warning colouration and odour, birds eat this species. 


Largine.—The female has the sixth ventral segment cleft at the. 
base. Lohita grandis, Gray., is the most conspicuous of the sub-family. 


It is a large red and black species, 
the male with abnormally elongated 
abdomen and antenne. Its appear- 
ance is striking and as it occasion- 
ally occurs abundantly on bhindi 
| and cotton, it is sometimes taken 
to bea pest. Its distribution is, in 
India, confined to the warm moist 
areas of Bengal and Assam. J phita 
limbata, Stal., is brownish red with 
pale edges to the wings and prono- 
tum. It has been found in great | 
numbers upon forest trees, large 
numbers living gregariously in. 
Med ee salen depressions in the bark, the ground 


below littered with their exuvic 
showing that they had lived in that situation for some period. Its 


distribution is also limited, but it will probably be found more widely 
spread in suitable places. Physopelta gutta, Burm., is not uncommon 
in Assam and Bengal, represented in the West of India by P. apicalis, 
Wilk. P. schlanbuschi, Fabr., will probably be found throughout the 


plains ; it is common in Behar in the cold weather. 


Pyrrhocorine.—Antilochus coqueberti, Fabr., is a common bug, 
bright scarlet with the membrane black, found in-many localities among 
dense vegetation. Odontopus nigricormis, Stal., is similar but with a large 
black spot on each forewing. Dermatinus lugubris, Dist., is a small 
black insect with short truncate hemelytra, found widely in the plains. 
Scantius pallens, Dist., :lso0 appears to be common over Northern India 
on maize, bhindi and other crop plants; S. volucris, Gerst., appears to be 
common in the Central Provinces. Dysdercus cingulatus, Fabr. (Plate 
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LXXVII), is the most abundant species 
and many weeds and also in large number 
(Bombax malabaricum). It will be readily 
mistaken for other species butis distinct 
in having white bands across the body 
beneath and awhite collar. Its occur- 
rence upon cotton and the destruction it 
causes to cotton are described elsewhere 
(Mem. Agric. Dept., India, Ent. Vol. I, 
No. 3). When the silk-cotton is in fruit, 
the bug multiplies enormously, and when 
the seed is blown down, the bug descends 
in great numbers and is found in masses 
ontheground. Itis curiously gregarious, 
the vivid scarlet bugs assembling in 
bunches on their food-plant, a singularly 
pretty sight. D. evanescens, Dist., is con- 
spicuous by the brown membrane of the 


hemelytra ; it 1s widely spread in India | 


, feeding upon cotton, bhinda 
on the seeds of the silk-cotton 


so , : a 


Fig. 459—OpDONTOPUS 
NIGRICORNIS. 


but not abundant and only rarely captured. 


Tincipa&.—Lace-Wing Bugs. 


The hemelytra reticulate, the pronotum usually with reticulate markings 
extending on the lateral leaf-like expansions. 


| These small insects are amongst the most beautiful of the smaller 
insect, but are very little known and not generally noticed. Few have a 


Fig. 460—Monanrur, 
GLOBULIFERA, 
(From Distant.) 


length as great as one-quarter of an inch and 
allare dull-coloured and inconspicuous. The 
head is small and usually covered by the pro- 


_hotum, which often has lateral expansions. 


The lace-like markings extend over the whole 
upper surface, the hemelytra being thin with 
irregular thick lines forming the ornamenta- 
tion Tingide, so far as known, are purely plant- 
feeding insects, living as a rule gregariously 
upon their hést plants. Their eggs, as far as 


known. are laid: 
<nown, are laid in plant tissues, the nymphs 
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feeding openly upon the leaves. None are pests and but little is known 
of this group. They are occasionally found abundantly and cases have 
been seen where they were so abundant upon a plant as to apparently 
cause damage. The small number of recorded Indian species is due to 
the minute size of the insects ; only with a good lens can the nature of 
the little insect be discerned and they have on this account been but 
little collected. Distant has recently described more Indian species 
(Ann. Soc. Ent. Belge, 1909, p. 113). 


Monanthia globulifera, W1k., recorded from Madras and Ceylon, is” 
found also in Behar upon an aromatic garden herb as also upon sweet 
Basil (Ocomum basilicum). Urentius echinus, Dist., is found, often abun- 
dantly, on brinjal (Solanum melongena). Green has observed that the 
nymphs live on the under, the imagines on the upper surface of the 
leaves. The leaves become discoloured, but there is no real damage done 
as a rule. H.J. Woodhouse has found Paracopiuin cingalense causing 
hypertrophy of the corolla of Clerodendron phlomoides in Bengal. 


ARADID&, 


Flat, dull-coloured insects, the forelegs inserted on the disk of the sternum, 
without ocelli ; tarsi two-jointed, antenne four-jointed. 


These bugs are of extremely distinct facies and easily recognised. 
The antennez are short and thick ; the body much flattened, the heme- 
lytra lying flat upon the abdomen and only occupying the middle, the 
apex and sides of the abdomen visible from above. All are dull-coloured, 
black or brown, in conformity with their habitat, which is under bark, 
stones, fallen leaves, etc. Their habits appear to be wholly unknown 
and these insects are far from common. Nearly all the known Indian 
species are recorded from the hills ; probably more will be found when 
the large soil-surface fauna comes to be investigated. Neuwroctenus par, 
Bergr., is the most likely species to be found, under conditions of 


sufficient moisture. 
HeEprip&. 
Body clothed below with silvery pubescence. Antenna five-jointed. 


Small insects found in damp places and semi-aquatic In habit. <A 
single species Hebrus orientalis, Dist., was collected in Burma by Fea, this 


being the only known species from British India. As the number of 
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‘s the family is 
joints inthe antenna 1s a matter authors do not agree on, y 
not easy to recognise. 
HyDROMETRID&. 
Antenne four-jointed. Body beneath clothed in silvery velvety pu- 
bescence. Live on surface of water. 
7 
These are small insects of dull colour, found on the surface of stil 
water and on the sea. Grey, black, and dull straw colour are the 


Fig. "461—GERRIS SPINOLE. x 5. 


prevailing tints. The antenne are long, 


the rostrum short and curved. Nearly all 
the legs are usually long and hairy, 


the surface film of water without ‘“breaking’’ it: 


N : . a : . 2 . ‘ 
othing is on record as to their life-history in India; all are 
probably predaceous 


Re on Insects which fall into the water. They have 
no economic Import 


ance and have be 147, ee 
studied at all. > been very little collected and not 


the eyes well developed, 
are winged and fly readily ; 
so that the insects can run along 


Mesoveli ine.—M esovelia 7 


nulsanti, Buch., is the sol ies in Indi 
he sole species in India, 
a small insect found on w eae : ) 


ater weeds in Indian rivers ; it has escaped 
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record, being known previously from Ceylon and from the Nearctic 
and Neotropical region. 


Hydrometrine—-H ydrometra  vittata, 
Stal.,is the sole species of this sub-family 
found in India. The extremely linear 
form, the very elongate head with the 
eyes set in the middle and the antenne 
at the apex make this a very striking in- 
sect. It is found on still water or on 
the mud at the sides of tanks and is a 
sluggish inactive insect, possibly pre- 
daceous. 


Veliine.—T hough the Palearctic Velia 
currens, Fabr., has been found in the 
extreme North of India, few other species 


Fig. 462—MESOVELIA MULSANTI. é 
18 appear to occur and few are likely to 


be found in the plains. Muicrovelia singalensis, Kby., has been found 
to feed on larve of Culex fatigans in India (F. M. H.). 

Gerrine.—At least five species of Gerris are known to occur in the 
plains of India, one or more of which are likely to be found in any slow 
moving or still fresh-water. These are elongate dark coloured insects 
with long posterior legs, the forelegs and antenne of moderate length, 
the beak short, curved and formed as in the Reduvnde. These insects 
move actively on the surface of water and are predaceous upon insects 
sucking out the juice of any which fall into the water or alight there. 
They are to some extent gregarious and in large tanks or lakes become 
very abundant. G. fluviorum, F., G. fossarum, F., and G. spinole, Leth. 
et Sevn., are common large forms; G. mtida, Mayr., and G. tristan, 
Kirk., represent the smaller forms. 

Halobates are marine insects and while three are reported from the 
Indian Ocean, a fourth is found abundantly on the West Coast during 
May, when strong winds blow in from the sea and apparently bring in 
abundance of these insects, which are helpless on the sand. This is 
Halobates germanus, Buch., a pretty little grey insect, not hitherto 
recorded from this country. J.J. Walker has noted the occurrence of 
Halobates on the surface of the Indian Ocean at a distance of 500 miles 
from the nearest land (Ent. Mo. Mag., 1900, p. 115). 
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HENICOCEPHALID. 
Head divided into two distinct lobes, prothorax into three. 
Hemelytra membranous. 


This family includes small insects, allied to Reduvitde, but with a 
very distinct facies. The figure exhibits the peculiarities of structure 
in our commonest form. There is but ioe 
one genus Henicocephalus, with one | @ 
species H. basalis, Westw., common in 
the plains. This has the tarsi single- 
jointed, the foretibia with two spurs 
at the apex. It is found in damp soil 
and is apparently a predaceous form 
not uncommon among decaying vege- 
tation and in compost heaps where 


insect life is abundant. 


PuYMATIDA. 


The forelegs are short, the femur broad- 
ened, the tbia curved and pointed, 
tightly pressed against the femur. 


These curious insects are recognis- 
able from the peculiar forelegs, the 
tibia working against the femur as in 
Mantids or clawlike as in crabs. 


Fig. 463 -HENICOCEPHALUS BASALIS. 


Of the 13 known Indian species, none 
are common, and allare hill forms, not likely to be found in the plains 


except after much searching. The insects are beHeved to be predaceous. 
SALDIDA. 


Rostrum curved, long. Ocelli placed between the eyes. 


A s | } 1 
small family with three recorded Indian species from widely 


separated localities. ° 

eee an on oe ee recognised by the long curved 
nda bv : : , 

Hise ah ae the ae of a cuneus in the elytron. Salda Dizoni, 

+ ‘ @ on the Bor Gh 

at (Bombay Presid . and i 

sole described trul . y residency) and is the 

These insects as a rule live a semi- 


getation, or near 
i _ 1» Or near water and more are likely to be 
ooked for, 


2 y Indian Species, 
aquatic life in wet ve 
found when they are 
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Valleriola cicindeloides, Dist. (A. N. H., 1909, p. 40), is found at 
Pusa running actively near an open water channel ; it is extremely like 
a Cicindela in appearance and movements, and appears to be predaceous 
upon other insects. 


REDUVIID. 


Rostrum curved, usually stout, not closely pressed to the prosternum. 
Head usually elongate. 


The strong curved beak is characteristic of the family and cannot 
be mistaken in the field. They are insects of moderate size from a 
quarter to over one inch in length, usually about half an inch. Colour- 
ing is either dull and sombre or vivid and warning, red and black 
being common in the latter case. A small number of species resemble 
the large brown Coreids, some resemble flies and Neuroptera, and 
others mimic brightly coloured Pyrrhocorids and Lygeids. The head 
is long, the eyes situate remote from the edge of the pronotum. The 
antenne are simple and of moderate length. The rostrum is, with 
few exceptions, three-jointed. The prothorax is distinct and well 
developed, often transversely constricted in the middle. The wings lie 
flat on the abdomen in most species. The legs are long, formed for 
quick running ; the femora and tibie are often spined. The form of 
the body is varied and while many are robust and similar to Lygeida, 
some are slender and resemble delicate flies. The sexes are usually 
similar, the female sometimes wingless when the male is winged. 


Remarkably little is known of the details of the life-histories. HKggs 
are laid in clusters on plants or other objects in the open and are, in 
the known cases, of the cylindrical form found in Pentatomids with a lid 
that allows of emergence. The nymphs are similar in form and colour- 
ing to the adult, the wings developed during the later instars. Both 
nymphs and adults are found on plants, on grass, among herbage, 
under fallen leaves and in other situations in the open. A number are 
known to feed on the body fluids of insects, which they pierce with the 
beak and suck out, while the spined forelegs hold them. Some of 
these species have a painful bite, due to the injection of fluid at the 
moment of puncture. Others feed upon the juices of plants and 
somewhat divergent views are expressed as to the relative numbers 


which are predaceous and herbivorous. It is probably correct to say 
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yk 


ins’ species the jority are predaceous, a 
common plains’ species the majority I 


that of the ey : 
especially those living on trees, herbivorous. Many 


smaller er, 
ear habit, many nocturnal and the latter are attracted to 
light. As in other insects with no metamorphosis, the imaginal life is 
more extended and important than the nymphal. The duration of 
nymphal life is not known in detail ; hibernation, estivation and 
similar states are apparently passed mainly in the imaginal stage and 
no definite seasons for reproduction, etc., have been established. Like 
other insects they are most active and abundant during the rains, when 
both insect and plant life affords abundant food, but they are also to be 
found at other times, except when cold causes them to become dormant. 
None are recorded as pests and it is believed that most are beneficial. 
Nothing is known as to the enemies of these insects. Their powerful 
odour and, in some species, their poisonous bite are defensive and 
may protect them from birds and other foes. The species of Acanthas- 
pis, Conorhinus, Pirates and Ectrychotes especially have a poisoned 
bite, one so painful that they should be handled by the student with 
care, lest in the surprise of the sudden pain the specimen escape. 


Reduonde occur throughout the tropical and temperate zones, with 
the maximum development in moist tropical areas. The family is a 
large one and over 250 species ure recorded as Indian by Distant in 
the Fauna of India. The greater number of these are recorded from the 


hills and the family does not seem to have been much collected in the 
plains. 


The student requiring to identify species should consult the Fauna 
of India ; the sub-families are a little complex, but are readily grasped 


if a reference collection is available or if a good number of specimens 
Tepresenting different sub-families 


can be compared ; in the Harpac- 
torine, the absence 


of any definite keys to the divisions makes the 
with patience the genus can be made out. 
Holoptiline.—Membrane 
Legs and antenne with long 
two Indian genera likely 


matter confusing but 


large, extending beyond the abdomen. 
hairs. Holoptilus is the only one of the 


to be found and none are common. 
Emesine.—Anterior COX 7 


They are very slende 
One species, allied to 


| long, legs raptorial as in the Mantide. 
T Insects, with lon 


z legs and some are apterous. 
Myophanes, has be 


en found in the plains; the long 


REDUVIIDA. 699 


legs, the long delicate wings and slender body give it an appearance 


like a Tipulid fly. 


J 
Yi 
SS 


Fig. 465—ONCOCEPHALUS ANNULIPES. xX 2. 


: Saicine.—Represented by Polytoxus macul- 
Fig. 464—Potyroxus  atus, Dist., found rarely in the plains. This 

MACULATUS, xX 3 . . : 
is a dry-grass coloured insect of slender build 


with one long spine at each side of the thorax. 


Tribelocephaline.—Tribelocephala indica, Wlk., a dark brown 
species, is occasionally common at light. It is a flattened insect, about 
half an inch long. 


Stenopodine.—Sastrapada birensprungi, Stal., an elongate insect of 
dry-grass colour, is rarely found in the plains of Assam. Oncocephalus 
is represented by O. annulipes, Stal., and other species, having the abdo- 
men projecting beyond the sides of the hemelytra. They are of the 
same dry-grass colour and are found at light and on plants in the fields. 
Salyavatine comprise twelve species practically confined to the hills. 


Acanthaspidine.—The pretty little Reduvius cincticrus, Reut., 
brown and yellow, represents this widespread genus in the plains. 
Acanthaspis is the large genus, with many species of whose distribution 
little is known. A. quinquespinosa, Fabr., A. flavipes, Stal., A. 
rugulosa, Stal., are widely spread and likely to be found; A. rama, Dist., 
and the small A. coranodes, Stal., are common in some localities 
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These insects are common on trees and under loose bark ; they are 
nocturnal in habit and their bite is to be feared. All are warningly 
coloured, are protected by their odour, 
and probably by the stout spines on 
the thorax. The only other common 
insect is Conorhinus rubrofasciatus, de 
G., a common species found at light. 
The nymphs of this species are spiny 
and partially covered in debris which 
they gather ; they are common in houses, 
living in dark dusty corners and pro- 
bably preying upon the smaller forms of 
household insect life. Its American ally 
is the so-called “ Kissing Bug.” 


Fig. 466—ACANTHASPIS RAMA. 


Puratine.—The elongate pronotum, constricted behind the middle, 
is a useful character in distinguishing this group. Ectomocoris quadri- 


Ey. 


\ 
) 


es er 4 
Fig. 468—Ecrrycuores Fig. 469—PIrratEs 


DISPAR. x 3 MUNDULUS. x 38, 


guttatus, Fabr., and &. cordiger, Stal., are the 


Fig. 167—PIRatRs : 
SeNOrie, common species of this genus; they are 


nocturnal in habit, found in hiding by day 


and have an intensely painful bite 


eae: The | rate <a 
fused differing only in the arge Pirates are readily con- 


| smaller tibia] furrow ; P. sanctus, Fabr., is 
so 1s P, le pturoides, Wolff, 

Echtrichodiine.—The 
points. Ectrychotes 


ate sized insects co] 


a common form, as al 


sc ; . . . 

es cutellum terminates in two broad apical 
“spar, Reut., and £. abbrev 
oured in deep bl 
under leaves, bark, ete. 


tatus, Reut., are moder- 
ue with some red markings, found 


hus and allied genera are remarkable 
‘ 


Bp) 
Physorh Yync 
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in having the wings absent in the females or in both sexes; the female P. 
marginatus, Reut., attains a length of one and a half inches. None 
are common except in the hills. 


Apiomerine. — Four species not known 
in India. 

Harpactorine.—Distinguished by the 
quadrangular areole at the base of the 
membrane. Harpactor costalis, Stal., is 
the commonest Reduviid seen in the 
fields by day, a red aud black active 
insect that runs about among low vege- 
tation. It is predaceous upon the Red 
Cotton Bug, Dysdercus cingulatus, which 
it resembles in colouring. H. fuscipes, 
Fabr., is also found but has not the 
yellowish stripes on the sides of the ab- 


domen beneath. H. marginatus, Fabr., 

Fig. 470—PHYSORHYNCHUS with the posterior half of the pronotum 
MARGINATUS, FEMALE. : ; 

roughened, is common in the Central 

Provinces. Sycanus versicolor, Dohrn, is not uncommon, a striking 

red and black form with the 

sides of the abdomen dilated. 


Cydnocoris crocatus, Stal., is a 


Jf 


eet 


more slender, yellow species, 
found in rice fields. Isyndus 
obscurus, Dall., though a hill wy. 


form from Assam is worth 

note as it closely mimics the 

common Coreid EHlasmomia 
granulipes, which occurs in wae 3 


the same localities. Twocom- 
mon forms are  Coranus 
spiniscutis, Reut., and C. 
obscurus, Kby., small incons- 
picuous species found widely 


spread. They are typically 


members of theimmense fauna Fig. 471—HARPACTOR COSTALIS. x 3. 
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of the soil and probably prey on the small insects that abound there. 


Scipinia horrida, Stal., is a small dull insect, the head and prothorax 


Ll 


Fig. 473-—-PROSTEMMA 
. FLAVOMACULA- 
Fig. 472—ScIpINnIA TOM... x 3; 
HORRIDA. X 3. 


spined above, found far more widely than is recorded. So also is 
Trantha consobrina, Dist., recorded only from the Nilgiris; these obscure 
Reduvids have been scarcely at all collected save in the hills and the 
plains fauna is obviously very little known. 

Nabidine.—The rostrum is four-jointed, not three-jointed. Pros- 
temma carduelis, Dohrn., is the common representative of the robuster 
forms of this sub-family ; P. favomaculatum, Leth., is also found in gTass 
among fallen leaves. Nabis capsiformis, Germ., is the very abundant 
green insect found in grass; it turns dull ochraceous when dry, while 
some are that colour in dead or dry grass. This abundant little insect 
has been observed sucking out caterpillars. 


CERATOCOMBID&. 
Hemelytron with a cuneus and embolium ; antenne with the two apical 
joints long and slender, with long hairs. 


A single specimen was found in Burma by Signor Fea, described as 


Crescentius princi ist., i la. Di 
. scentius principatus, Dist., in the Fauna of India. Distant writes 
of the group, “a famil 


y comprising some very small or minute species 
ound in moss, de 


ad leaves and similar surroundings.’’ 


CIMIcIDa:.— Bed Bugs. 

By F. M. Howterr, 
The body very flattened, the hey 
The general f 
Cimicide is famili 


nelytra and wings practically absent. 


attened appearance and dull reddish brown colour of 


at to most peo 
people. The rostrum is carried in a groove 
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beneath the head (fig. 473), and the prothorax is well developed and 
sharply separated from the mesothorax, its hind margin being straight 
in C. lectularius, Linn., and 
rounded in (©. rotundatus, 
Sign. (Fig. 474.) 

The notorious ‘‘ bugs,”’ 
insects far too abundant in 
houses in India, are the sole 
* common representatives of 
this family. Their origin is 
obscure, and they were 


Fig. 474—a. Cimex rorunpatus anp b.C, tec. Well-known to the Greeks 
TULARIUS. (After Patton.) and Romans: it is possible 

that the insect was originally a parasite of birds and mammals, and in- 
cluded man in its hosts; it is now not confined to man, but has other 
hosts. Its distribution is wide, as it is readily carried in steamers and 
can survive long periods, it may be even a year, without food. The eggs 
are laid in cracks in the floor, in the furniture, or in any convenient posi- 
tion to which the female can obtain access. They are beautifully shaped 
and sculptured, and the young escape by around door at one end about 
five to ten days after they are laid. The young (fig. 476) are similar to 
the adult, but smaller, more transparent, and less darkly coloured. There 
are probably five moults, and if 
the insect is under favourable 
conditions where it can get blood 
easily, the whole life-history will 
probably occupy not more than 
two months. A meal of blood 
seems to be required before each 
moult and before egg-laying, and 
if it cannot be obtained the inter- 
val between the moults may be 
very greatly prolonged. When 
the insect wishes to suck blood, 


it injects liquid which is irritant Fig. 475-—CIMEX HEAD FROM BELOW. 
and causes a flow of blood to the 


spot on which it gorges itself. Now that so much is becoming known 
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edin disseminating disease by biting Insects, It 1s 


as to the part play 
s tormentor may be 


not unreasonable to suppose that this ubiquitou 
found to have a greater Importance as a 


disease-carrier than it now has as a com- 
mon household nuisance, and it has 
already appeared that the bite consti- 
tutes at least one way in which “ kala- 
azar’ is transmitted from man to man 
(Patton). It is nocturnal in habits 
asa rule but is active at all times, and 
the bite is irritant to most persons, though 
repeated inflictions appear to confer a 
certain degree of immunity. Travellers 
are aware of the ingenuity of the insect 
in reaching its prey and it has been obser- 
ved that when all other means of access 
failed, it went to the ceiling and fell on its 
victim from that position. In America 
cockroaches and small red ants are men- 
tioned by Marlatt (U.S. Ent., Circular 
No. 47), as being fond of eating bugs, 
the ants in particular being effective 
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Fig. 476—CiImMex LECTULARIUS, 
EGG AND NYMPH. x 16. checks. 


In some countries, fumigation with Hydrocyanic acid is utilised to 
free railway carriages and buildings from this pest. The use of super- 
heated steam for this purpose might be given a trial in this country 
as being cheaper and less troublesome. Cleanliness, washing the floor 
and wooden bedsteads with Crude oil emulsion, the use of pure 
one powder, and fumigation with sulphur or Hydrocyanic 
acid are the only means generally avajlable against it. The leaves 


. 
night a ttacks. 


Two species attack man in Indi 
rotundatus, Sign, i: 


Records). 


| a; Comex lectularius, L., and Cimex 
mucrocephalus, Dist.) (Patton, Indian Mus. 
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ANTHOCORID &. 


Hemelytra with an embolium and a cuneus. Ocelli present ; third 
and fourth joints of antenne not twice as long as the first and 
second together. 


This family includes a small number of minute insects unlikely to 
be found by any but a collector of small Hemiptera only. Most are 
dark-coloured somewhat flattened insects resembling Capside, with 
moderately long legs and antenne. They are found in flowers where 
they appear to feed on pollen and Thrips. Distant enumerates ten 
species in the Fauna of India, none of which can be regarded as com- 
mon insects so far as our present knowledge goes. 


Triphleps tantilus, Motsch., is probably widely spread in the plains, 
a small black insect of less than one-tenth of an inch long, with some 
resemblance to Oxycarenus. It is found on sunflower and other green 
plants during the rains. 


POLYCTENIDA. 


One remarkable insect, recorded and described by Waterhouse from 
Secunderabad is the sole Indian representative of the family. This is 
Polyctenes lyre, Waterh., a small insect found upon a bat on which 
presumably it is parasitic. The student will find an excellent figure in 
Distant’s Fauna of India volume. It will readily be mistaken for a 
Nycteribiid, and is so regarded by some authors; it is elongate and 
flattened, with the head in two portions, the hemelytra much reduced, 
and the upper surface of the body with minute hairs. The three- 
jointed proboscis will distinguish it from other similar bat parasites. 
This and other bizarre forms of insect life will reward the collector 
who will systematically investigate the probably extensive fauna to 


be found on living bats. 


CAPSIDA. 


Hemelytron with a cuneus. 


The above is the distinctive character of the family, combined with 
the absence of the embolium and of characters marking allied families. 
The species composing it are small delicate insects of dull colouring ; 
the integument is less firmly chitinized than in other Rhynchota, the head 
is distinct, with four-jointed antenne in which the basal joint is often 
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di'ated ; ocelli are present in some species and eyes are well developed ; 
the rostrum is four-jointed and more or less closely applied to the under 
surface of the body. The legs are moderately 
long and slender, the prothorax usually un- 
armed, and the known species are winged 
and fly readily. They bear a marked 
superficial resemblance to small beetles 
both in facies, colouring and attitudes, some 
leaping as the Halticides do. 


Little is known of their life-history; the 
female is provided with an ovipositor used 
for laying eggs in the tissues of plants. The 
life-history of one species, Helopeltis theivora, 
Waterh., is known in detail, and the student 
should consult the increasing literature of Fig A7e 2G ane aneoOe 
this insect in Ceylon and India. (Green, TUS. (After Distant.) 
Dudgeon, Atkinson, Mann, Antram.) G@allobellicus erassicornis, Dist., 
has been observed to lay its eggs in the soft tissues of young shoots of 
tobacco. The eggs of Disphinctus formosus, Kirk.. have been described 
by E. E. Green (Entomologist, 1901, p. 114). Each egg is laid singly 
in the shoots, and bears a short and a long dive 
exposed and not embedded. It ig probable t 
the tissues of plants and that the number of 
number, five; the full life-histor 
to be worked out. 


rgent process which are 
hat all lay their eggs in 
moults will be the normal 
y of one at least in the plains deserves 
; Equally little is known as to hibernation, and the 
Insects ee not common enough to render such observations easy. 
| eee are found on grass and low vegetation in greatest number 
an a SO a as known in India, wholly vegetarian (one species has 
served in the hills feeding on the excrement of birds). This is not 
the case elsewhere and it is probable that in India also predaceous species 


will be found. Besides 
| * besides the destructive 
peltis theivora, Waterh.) ect aceeeEe 


Several are destructi js 1 
: . lve. Calocoris includes 
Species which suck the soft 


in South India and fice of the big millet (Andropogon sorghum) 


species, D. politus, Wik Disphinctus includes the very destructive 
2 » that attacks the betel vine (Piper betel) and one 


D. humeral; Ale 
( imeralis. YW lk.), that attacks cinchona. Others are very likely to 


be found as pests, 
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The fauna includes 115 species and others have been added since 
(Entomologist, 1909, p. 58). 


The family is divided into three sub-families :— 
Mirine.—Head longitudinally grooved or anteriorly excavated. 
Capsine.—Head not grooved. Ocelli absent. 
Tsometopine.—Head not grooved. Ocelli present. 


Mirine.—A small dull greenish form found abundantly in grass, 
occurs in the plains, Megalocerwa dohertyi, Dist. A commoner insect is 
Megacelum stramineum, Wlk., a dry-grass-coloured insect found abun- 
dantly on crops and low vegetation. This or other species of the genus 
will probably be found everywhere in the plains in the rains, and it is 
probable that they are to some extent destructive. Helopeltis is strictly 
a hill genus, but R. M. Dixon states that H. antonii, Sign., feeds on 
Cucurbitacee in Bombay. 


Capsine.—Disphinctus is placed in this sub-family and includes five 
hill species, all recorded as to some extent injuring plants. Disphinctus 


Fic. 478.—DISPHINCTUS HUMER Fig. 479.—HALTICUS MINUTUS. 
"ants. (After Distant.) (After Distant.) 
politus, W\k., 1s responsible for serious damage to betel vine in Kanara 
and Bassein (Thana), puncturing the leaves which decay and are then 
worthless. Calocoris angustatus, Leth., was described from specimens 
found attacking cholum (Andropogon sorghum) in South India; this or 
allied species are responsible for wide destruction in some seasons. 
Peciloscytus longicornis, Reut., is a tiny black species found on vegeta- 
tion and probably widespread if looked for. Gallobellicus crassicornis, 
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Vy iis D | ali ), 1¢ 
Dist., 1s a ie] c ll I W ) -O0 38 ] € l€ 5 € € when ve 


lan J 
Ss Ss Ss OT { ers wee Ss or sul ] at d p ° 
some J, af 4 / ' 


i d in Pusa it has 

R. M. Dixon found it a garden pest In Bombay, gi nib he 
. M. DI ; nM altecw 5; 

fae ae bacco and breeding 0 he 

heen found infesting to Iticid beetle ; 
oe t., is apparently so-called from the resemblance toa Ha cee 
Bal aN et shining-black bug, which has been observed by h. 2. 


it is a small 


¥ 


Fig. 480—GALLOBELLICUS CRASSICORNIS ; ANTENNA 
BELOW. (I. M. N.) 


Green to leap like a flea beetle, 
been found in the plains of In 


Tsometo pine. — 


thus completing the resemblance. It has 
dia. 


6¢ Th 2 : Ke ee 
ey are minute insects 
and collecting.”’ This 


Ceylon and Burmah. 


and require special search 


Te se ey : Je * 
Is Distant’s remark ; he lists 7 species from 
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CRYPTOCERATA. 


This division includes the truly aquatic forms, as distinct from the 
land forms and those living on the surface of water. Apart from the mere 
enumeration of species, practically nothing has been done to investigate 
these insects, and there is a very large field open to an investigator in 
almost any part of the plains. They have probably no economic 
importance whatever, and the study of these insects even in Europe and 
the United States is very little advanced. 


PELOGONIDA.—(Galgulida). 
Body short and broad ; head very broad with prominent eyes ;  ocelli 
present. Posterror legs thin, formed for running. 

A family containing butfour recorded species in India, one at least 
of which is probably very widely spread over the plains. These insects 
are of small to moderate size, the body broad 
and flat, the head broad with prominent eyes, 
the posterior legs not formed for swimming, but 
for running or leaping. Pelogonus marginatus, 
Latr., has been found on the mud on the banks of 
streams ; it 1s an active little insect of a dull colour, 
with small ochreous spots; when approached it 
leaps vigorously, alighting some distance off and 
lying flat onthe mud. Itis most readily captured 
by being chased to the water when it leapsin, and 

Fig. 481.—PeLoconus is for the moment helpless. Mononyx includes 
MARGINATUS. xX 5. : ’ 

rather larger insects of a rather brownish 

colour and roughened above; the forelegs are raptorial, the femur 

dilated, the tarsus single jointed. Three species are recorded from 


Burmah, Sikhim and Assam; more remain to be captured probably. 
Nothing appears to be on record as to the habits of these insects ; 
Mononyx indicus, Atk., is not uncommon in Assam and Sikhim, where 
it is found on grass paths, on the soil and under stones, as well as on 
hard roads; it is not aquatic and is possibly predaceous on small 
insects. 

Pelogonus marginatus, Latr., has been observed to suck a helpless 
insect on the surface of the stream near the margin and the structure of 


the legs of Mononyx would indicate that it has somewhat similar habits. 


; gh 
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NEPIDA. 


{bdomen with along (retractile) process ; antenn@ three-jointed ; fore- 
legs inserted on disk of anterior margin of prosternum. 


~ a we : i a 
found in shallow fresh water, the *" Water Scorpions 


Among insects : : 
They are flattened insects of dingy colour, the 


are at once recognisable. 
body elongate with nearly parallel sides ; 
the anterior legs are very conspicuous, 
being raptorial in something the same 
way as those of a mantis. The antenne 
are short and concealed; the rostrum 1s 
short and powerful; the eyes are well 
developed; the hemelytra cover the body 
and wings, and there are two long apical 
filaments which serve as a tube for con- 
ducting air under the hemelytra and so 
to the spiracles. These insects are found 
in water, which they rarely leave until 
migration to a fresh locality becomes 
necessary. They are believed to be wholly 
predaceous on other aquatic insects. None 
are known to have been reared in India, 
and but little is known of their habits 
anywhere. Kggs are said to be laid in 
aquatic plants and floating stems, and are ene ees 


MACULATUS. x 2. 
provided with a number of filaments at 


one end (2 in Ranatra, 7 in Nepa), to facilitate respiration. 


A a oe of a species of Laccotrephes have been found in the leaf of 
Nelumbium speciosum : they are about 2 m.m. long, cylindrical, with one 
end rounded, the other end truncate ; the rim of the truncate end bears 


ong straight spines, set radially at right angles to the long axis of the 
egg ; there are 14 in some egos, 15 in others 


2 m.m. in length. These eggs are placed thr 
the spines and flat end appear above, while 
the water ; the spines hold é 

ter ; the egg, ly; 
leaf. On hatching, the ege ee 


nytaph emerges through the 


The spines measure nearly 
ough the leaf, so that only 
the egg projects below into 
aaron on the upper surface of the 

. 0m the disc and spines, and the 
wide opening into the water direct. The 


NEPIDA. raha 


young nymph has a process at the hind end, which projects beyond the 
abdomen, and the tip of which constantly rests on the surface of the 


Fig. 483.—LACCOTREPHES SP. EGG, x 10. NYMPH. 


water ; this process consists of two incomplete tubes, open below along 
their line of junction, and leading to the ventral surface of the abdomen ; 
air is contained and held in them and passes along the body below, on 
each side, so that air is in connection with the spiracles and the atmos- 
phere above the water. The nymphs were fed on fly maggots which they 
held in the forelegs and sucked out. All died at or before the last moult; 
the length of the syphon increased at each moult, and the wing lobes 
appeared at the second moult, there being five in all. 


Distant records three genera and eleven species 
as Indian, but this number may be expected to 
be increased. Laccotrephes is the Indian form of 
Nepa, the broader flatter insect in which the cox 
are short, the tibia and tarsus working against 
the grooved femur. There are three species: L. 
robustus, Stal., the largest, in which the abdomen 
above is sanguineous; L. ruber, Linn., smaller, the 
abdomen above reddish orange ; and L. maculatus, 
Fabr., the smallest, in which the abdomen above 
is dusky. The two last are common throughout 


the plains. 


Fig. 484.—RANaTRA Ranatra and Cercotmetus are both very narrow, 
FILIFORMIS, 
the coxe much developed and long; Ranatra 
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: RE a Se ich are wide- 
alone is common in the plains with six species, two of which are 


R. elongata, Fabr., is the larger (44 m.m.), a dull grey- 


spread in India. a ae : 
° 2 aa “yen ? ay re : _ is 
brown insect with long respiratory filaments; R. filiformis, Fabr ss 
browner and smaller (26 m.m.). It is likely that the smallest species, FR. 
. . { : 
sordidula, Dohrn., will also be found as 1t 1s known from Calcutta. 


NAUCORIDA. 
Posterior tibie spinulose. Antenne four-jointed. F oreleqs inserted 
on disk of anterior margin of prosternum. 


A small family of insects of which practically nothing 1s known in 
India. They are readily distinguished by the characters given, are of 


Vig. 485—CHEIROCHELA ASSAMENSIS, ON 
RIGHT, HEAD FROM BELOW. 
(From Hope.) 


moderate to small size and of dull colour. The head is more or less 
deeply sunk in the thorax, the ante 


developed. The foreleg 
swimming. All are fla 
evidently Swimming ing 


and act as air-holders. 


nne are concealed, the eyes well 
S are raptorial, the poster or legs formed for 
ttened, oval in outline, compactly built and 
ects. The hemelytra cover the wings and body, 
Nothing is on record as to their habits and life-history. Distant 
poy Teditass nei 4 pase spate divided among three sub-fami- 

recorded distribution of these species and the 
ste A, “pecimens in collections, we may for the present conclude that 
none are common in the plains or likely to be found there until some 


are actually 
) one locajity. We figure the delightful 


describes six genera a 


found in more than 


BELOSTOMIDA. le 


little Cheirochela assamensis, Ho., known from two localities in Assam 
and Burmah. Gestroiella, Diaphorocoris, Heleocoris, Ctenipocoris and 
Thurselinus are the remaining genera. 


BELOSTOMIDA. 


Posterior tibie flattened, with swimming hairs. Antenne of four joints ; 


5 


forelegs inserted in the disk of anterior margin of prosternum. 


This family includes the largest bug known, the flat brown 
Belostoma (fig. 486), which comes to the search-lights on the Assam 
river steamers and is* probably 
familiar to all who travel there. 


It also includes species of more 


{/ 
Lf 
bag’ 
& 


moderate size. All are flattened, 
formed for swimming, with pre- 
daceous forelegs and swimming 
hind legs ; there are short abdom- 
inal appendages to conduct 
the air to a band of pubescence 
passing laterally round the lower 
surface of the abdomen. The 
head is a little produced in front 
and bears a short powerful beak. 
Little is known of their trans- 
formations or habits ; for long it 
has been known that in some 
forms the eggs were carried on 
the back ; they are fastened to 
the hemelytra as shown in 


figures. In one American species 
Fig. 486—BELOSTOMA INDICA. the male is stated to carry the 
egos. That this is the case also 

with Spherodema molestum, Duf., we have proved by dissection of egg- 
bearing individuals. In the case of this species also the young have 
been observed to hatch from the eggs and live in captivity ; they are 
similar in shape to the parent and the spiracles are on the edge of a 
band of pubescence which passes along the ventral side of the abdomen 


and holds air; this divided pubescent band passes to the hind end of 
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the body, where are two pubescent processes and the little insect hangs 
obliquely at the surface when It wants alr. 
| the family are probably predaceous at all 


The young were predaceous 


on small insects and all of 
stages. 
Three genera are recorded as Indian. Nectocoris contains one N. 
: Uw Sv wo] 


stolii, Mayr., from Burma. Spherodema contains three, S. annulatum, 
‘ 3 oe) 


Fig. 487.—SPHARODEMA 
MOLESTUM, MALE, CARRY- 
ING EGGS. x 2, 


Fabr., which is broad, S. rusticum, Fabr., 
narrower with short anterior claws and 
S. molestum, Duf., which is narrow but 
with longer tarsal claws in front. The 
first of these appears to be the most 
common. 

: Belostoma is the only genus of large ney 
Insects, with but two recorded Indian : 3 


Species. It isfound at hght and requires Fig. 488.—SPH®RODEMA MOLESTUM, 


: NYMPH, FIRST AND SECOND 
to be handled with very great care as INSTARS. x 5, 


Its puncture is poisoned and painful. B. 


. ] ve ‘ CY a . < } 
ie um, Lep. et Serv., is the common species, the second (B. Deyrollei ; 
wil.,) being known only from the Brahmaputra 
Mr. Herbert Manners 


con 7 
ee ee toad (Bufo melanostictus) ; it grips the young toads 
A J fe O 447 
a oh surface of ponds and grasping them tightly, works round 
eon a ie beak can be inserted between the toad’s hind legs, 
ae eae age being towards the toad’s head. The 
“ars to be unable p 
¥e to struggle y2ud becomes flabby. He also 


has observed that B. indica feeds upon the 


NOTONECTID A, Ass, 


observed that small fish are eaten. KH. E. Green in Ceylon observed 
the eggs to be laid under water in an aquarium (Entomologist, 1901, 


Fig. 489.—EG¢Gs OF BELOSTOMA INDICA. x 1. 


p. 113). The eggs of this species are laid in clusters on the stems of 
plants growing at the edge of water, so that the emerging nymphs can 
fall into mud. They are large pear-shaped eggs, the mass forming a 
very conspicuous object. 


NOTONECTIDA. 
Forelegs inserted on posterior margin of prosternum. Rostrum 
free, three to four jointed. 
This family is very closely allied to the next and with it, at once 
distinguishable from all others when seen in the water. The point of 
difference is that these swim “upside down,” 7.¢., on their backs 
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- The is convex and not 
16 Coriaide swim in the reverse manner. The body 1s 
while Coriaid@ swim 


kl hax » body 
flattened ; the eyes are large, the head sunk in the thorax, the bo 
a ne 9 eee» 


y x 


( 7 ; 


Fig. 491—MICRONECTA 
STRIATA. x 6, 


formed for swimming. The beak is short 
and stout; the forelegs are formed for 


grasping, the posterior legs for swim- 

Fig. 490--ENITHARES TEMPLE- ming. Air is taken under the asad 

z TONT. x 5. these insects come to the surface periodi- 
cally. Nothing appears to be known as to the habits of Indian ee 
they are probably predaceous and some are sufficiently common in 
freshwater tanks. The eggs are said to be inserted into the stems of 
plants. 

Distant mentions fourteen species in the following genera : Noto- 
necla (2), Enithares (5), Anisops (3), Plea (4). The actual distribution 
in India of these insects appears to be unknown. 

CORIXIDA. 

Forelegs inserted on the posterior margin of 
the prosternum. Rostrum concealed, 
apparently unjointed. 

Like the last but flattened, the scutellum 
small, the forelegs short. There are but three 
from India, of whose life- 
history and habits very little is known. 
Corixa hieroglyphica, Duf., is probably 
widespread and occurs also over 
Asia, Europe and America. 
in tanks in the plains, swimmi 
the surface for its alr Supply. 


recorded species 


Northern Fig. 492—Cor1IXa HIERO- 


Itis abundant GLYPHICA. x 5. 
ng actively and periodically returning to 


Micronecta (Sigara), striata, Freb., is 


OO 


HOMOPTERA. AG 


also probably common, while one other species is recorded from 
Ceylon. 
HOMOPTERA. 
The front of the head is bent so as to be in contact with the fore 


core. The tegmina are of one consistence throughout 
and lie over the abdomen at an angle. 


While there is little doubt that from the field naturalist’s point of 
view there should be at least nine families in this sub-order, on structural 


ee « g, 
: E 7 : 
ce M ‘pe 


Fig. 493—1, 2, Cicadide. Three ocelli on vertex. 3,4, Fulgoride. Two ocelli beneath 
or near the eyes; Antenne beneath the eyes. 5, 6. Membracide. Antenne 
in front of and between eyes: QOcelli between the eyes. 7, 8, 9. Cercopide. 
Ocelli on vertex. Cluster of spinules at apex of tibia. 10, 11, 12. Jassid. Ocelli 
in line with front of eyes ; Double row of spines beneath posterior tibiz. 


grounds authorities are not agreed as to the number of families. We 

would divide the sub-order into two, keeping the old division Phytophthires 

for the last four families which are so sharply distinct in habits. 
(Crcadide. Three ocelli on vertex. 


Leitioridce Ocelli two, placed beneath or very near 
| the eyes, not on the vertex. Antenne 
beneath the eyes. 


Membracide. Ocelli two, between the eyes. Antenne 


Homoptera. ~ in front of eyes. Prothorax prolonged 
| backwards. 
| Cercopide. Ocelli two, on vertex. Hind tibie with 
| stout teeth, and with short spines at 
| the tip. 
Jasside. Ocelli two, on front margin or frons. 


Hind tibise with a double row of spines, 
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/ De, 11; The wings at an angle over the body, 
yee ; ee Eater Three ocelli, long thin 
antenne. 
‘da Siphons usually present. Often wing- 
Phytophthires . Fe less. Wings held erect, hyaline. 
Aleurodida. Wings four, mealy, opaque. 
Haneda Female wingless, male usually winged 


with one pair of wings only. 


CICADIDZ. 


Three ocelli in a triangle on the vertex. Tarsi with three- 
joints. Male with a musical apparatus. 


The Cicadas are the largest insects of the Homoptera, with an expanse 
of one to several inches. They are readily recognised by the ocelli 
if not at once from the general 
form. The head is well develop- 
ed, with short antennez consisting 
of a bristle set on a basal joint. 
The wings are large, often  col- 
oured and he at an angle over the 
abdomen. The eyes are well 
developed, asis the beak which 
hes under the head; the thorax 
is well developed, the mesonotum 
large and conspicuous. The ab- 
domen is broadly joined to the 
thorax ; the female has a distinct 
Ovipositor ; the male has the base 

Fig. 494.—CosMOPSALTRIA SATURATA. 


of the abdomen modified to form Thorax and ‘head -abots: apex ot 
~ et = d b re 
sound producing organs, with abdomen of female below 


more or less distinct external flaps 
tion of species. The legs offe 


ie : T no peculiarities and are formed for clinging 
while the empodium is 


: absent. 
: ery little is known as to the life-history of Indian species. The 
a are known to be laid in bark. The nymphs 
; S of plants and in termites’ nests, but no- 
er habits in India. When full grown, the nymphs 


or € » 
ound, fix themselves on a plant, and the adult 


some foreign species 
have been found at the root 
thing is known of ¢} 
come up from the 


7" ee 
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emerges. These empty skins are a common feature in the hills. 
(Fig. 495). The length of the life-history is unknown, though one 


Fig, 495,—COSMOPSALTRIA SATURATA. NYMPH. 


American species is known to live seventeen years, the imago only 
appearing for one summer, the nymphs living for sixteen years. 


——t 


Sicrentersscoaeatinmaens 


Fig. 496,—PLATYPLEURA MACKINNONI. 


Cicadas are dependent upon 
trees for food, so far as is 
known, and occur most abun- 
dantly in forests and well- 
wooded moist localities. The 
imagos certainly suck the sap 
of trees and are so coloured 
as to be exceedingly difficult 
to see when on tree bark. They 
are known best for the ex- 
tremely shrill sustained sounds 
produced by the males, a sound 
which has no rival except in 
the steam whistle. After a 
shower the noise is deafening 
if one is in a forest with many 
Cicadas and the kind of noise 
produced varies immensely 
with the different species. The 
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ound and is, unless one has much practice, 


The sound is produced by the vibration 
x ; there is a muscle 


sound appears to come from all i 


extremely difficult to locate. 
mbrane situated 1n the base of the thora 


of a tense me ie 
ce vibrations, which are 


attached to it which is supposed to produ 
believed to be magnified by other membranes and by the operculum. A 
conspicuous feature of the process is the vibration of the abdomen 
which produces the trill, as apart from the vibration of the membrane 
producing the usual shrill high note. We confess to being unable to 
follow the descriptions of the mechanism as given by authors and it is 
not quite clear how the volume of sound is produced. The object of 
the sound is a mystery though, as it occurs only in the males ; it 
may be sexual or simply a diversion for the males which have no 
ege-laying to do. 

Cicadas are rare in the plains and but few species occur there ; they 
are characteristic of moist subtropical India ; itis unnecessary, therefore, 
to discuss the classification in detail. Distant’s volume III of Rhyn- 
chota inthe Fauna of India enumerates 148 species as Indian, divided 
into three sub-families. The only species apparently really common 
outside hill localities is Platypleura octoguttata, Fabr., found in the hills 
and in the plains. P. mackinnoni, Dist., is found in Behar. 


SONG IN INSECTs, 


A large proportion of the sounds heard in th 
insects and, while the motive that in rd in the field are produced by 


always known, itis probably 
signalling and alarm giving, 

with the simple expression of 
heard are connected with sex. 


attribute the loud conti 
ute the ontinuous sone of ic 
fhe g of the Cicada, the most prominent 


Sound is produced in insects almost alwa 
hard part of the integument against another 
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musical organs with specially adapted muscles. We cannot in this place 
deal exhaustively with such a subject nor even discuss the extremely 
interesting Indian songsters more than extremely briefly; the curious 
reader will find fuller details in the papers mentioned. 


Acridude do make sounds but, in our experience, only rarely. We 
have never heard the migratory locust make a sound, and after prolonged 
observation we learnt that only when in the act of mating does the 
Bombay locust emit a feeble chirp, produced in the usual manner by 
rubbing the hind femur against the tegmen. It is rare that Acridiide 
make sounds in any other way. (See Aularches.) Far more noisy in 
India are the Locustide, some species of which keep up a shrill noise in 
grass while others make noises of various kinds in trees. In the Locus- 
tude, the male has the base of the tegmina flattened, that of the upper 
(right one) with a sharp point which works on a file on the lower (left) ; 
as the wings are moved, the vibration is set up, its pitch and intensity 
determined by the length and tension of the tegmen, and so a note 
produced. Conocephalus indicus is probably the species most commonly 
heard, its shrill note in the grass always appearing to be a little distance 
off but never in any one definite direction. Gryllide are often trouble- 
some from the shrillness and persistency of their song; the sound is 
produced by the vibration of the forewings on the hind wings and one 
can see the wings and tegmina in a state of vibration when the insect 
is engaged in song. The large Brachytrypes achatinus makes a sound 
which is extremely powerful and, when close, almost unbearable. It is 
the loudest songster in the plains where Cicadas are scarce. 


Dragon flies are said to produce sounds by a process in the large 
trachea being thrown into vibration by the passage of the air, but we 
are not aware that this has been noted in Indian species. 


Among Hymenoptera, Mutilla squeaks by the friction of the abdo- 
minal segments, Lobopelta, Sima and other ants by friction of the 
peduncle and basal abdominal segments, and bees (by the vibration of 
the wing if this can be called a sound and) by mechanism connected 
with the respiratory system, whereby the hum heard in a_bee-hive 
is said to be produced. 


In beetles, sound-production occurs in both sexes, as well as in 
some larve, and there are excellent accounts of the mechanism in 
different beetles. Anobium is said to tap with its head; the friction 
of the jaws of some longicorn larve in dry wood is quite audible in 
some cases. Gahan describes stridulating organs in almost every part 
of the body in beetles; perhaps the most familiar instances are those 
large Cerambycid beetles (such as Batocera rubra) in which the hind 
edge of the pronotum rubs on a file on the mesonotum. The reader 
should consult Gahan’s article (Trans. Ent. Soc. Lond. 1900, p. 433) 
and Arrow’s article on “Sound Production in the Lamellicorn 
Beetles.” (Trans. Ent. Soc. Lond. 1904, p. 709.) It is worth noting 
that in Coleoptera, the stridulating organs commonly occur in both 
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groups, in the males alone. pepe: specu tee 
common death’s head (Acherontia styx, W estw.) pro uces a soun y 
ere. he proboscis. This is stated to occur also 
the friction of the palpi and the pro egrets fine 
in other species. A Sphingid larva common in the hills also pro ae 
a hissing sound on being touched ; this is probably protective, just as 
the bizarre spots on these larvee are. | 
Shipley and Wilson have described a sound-producing organ which 
is found on the wing of the mosquito Anopheles maculipennis, Meig. At 
the base of the wing is a movable bar bearing teeth, which engage 
against ridges on another slightly movable bar; the vibration of the 
wing produces movement of the teeth against the ridges, causing rapid 
vibration ; the note is ordinarily constant in pitch but TISes as the wing 
isshortened. (Trans. Roy. Soc. Edin. XL, pt. 11, No. 13, 1902.) 


Lowne states that the common blowfly, as some other Diptera, 
emits sound through the large thoracic spiracles. Amongst Hemiptera, 
besides the stridulation of Tessaratoma papillosa, Thunb., we find 
that certain Reduviids can emit sounds; Coriza emits musical chirps, 
produced by the friction of the forelegs on the beak. 


Finally the Cicadas are notorious for their voices, the males singing 
constantly. Their song is produced by a tense membrane to which is 
attached a muscle, which throws the membrane into vibration ; the vi- 
brations are intensified by other resonant membranes and by the leaf- 
like lobes on the ventral surface. It is said that the peculiar diminu- 
tion and intensification of the sound heard in some South Indian species 
(and which is exactly like that of the watchman’s wooden rattle used at 
the boatraces at Cambridge) is produced by the opening and closing 
of the aperture at the base of the abdomen. | 


Finally we may remark that it is probable that many insects produce 
sounds unheard by us, SInce our ear will not record vibrations of more 
than a definite rapidity. Observations on a number of insects have 
shown that in some cases there are auditory organs in species whose song 
has not been heard, and that in others the movement necessary to 
produce song can be perceived but no sound is heard. This is the case 
with one of our common crickets : we have frequently seen’ ite nea 
Rages _ a Similar manner to that of Brachytrypes achatinus, but we 
elt ee Nee sound produced by the latter. It is possible that 

duce. ot the anatomy of insects will reveal auditory and sound- 
producing apparatus in a greater number than are at present known 
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and are warningly or cryptically coloured ; a large number more are small 
dull coloured insects found in grass and forming an important part of 
the fauna of pasture ; while a small number of insufficiently known forms 
live on the roots of grasses or other plants, in the soil. The structure is 
immensely varied and in few other groups 1s such a variety of forms 
equalled. The head is distinct, often prolonged upwards and forwards 
into grotesque shapes, produced below and ending in the rostrum with 
sucking mouthparts. Eyes are often large, the small ocelli set in cavities 
nearthem. Antenne consist usually of two joints and a bristle, but these 
joints are often long and flattened, and are furnished with peculiar sen- 
sory organs. The body is well developed and short, with tegmina and, 
as a tule, wings; the tegmina are thickened and coloured or hyaline, 
and in repose are carried over the abdomen, meeting in the middle and 
sloped at varying angles. Wings are sometimes minute, often ample 
but rarely coloured or ornamented. The legs share in the general bizarre- 
ness of form, the forelegs sometimes foliaceously expanded, the hind legs 
with a tuft of spurs and a varied number of spines. The females are simi- 
lar to the males except in the external genital organs. | 


Very little is known of the life-history. Eggs are commonly laid 
in the tissues of plants (in a cut made by the female ovipositor) or on 
them and are often covered in a white 
mealy secretion produced by the female, a 
mass of which is usually found on her abdo- 
men. The number of moults is unknown 
exceptin Pyrilla (Zamila) aberrans where 
itis five. The nymphs are often clothed in 
wax similar to that of the females and some 
are very active leaping insects. Known 
species occur most abundantly when food is 
plentiful in the rains and they are known 
to hibernate in shelter in any stage, the 
cold simply checking development. Two 


species are known to be pests to crops, and 
Fig. 497-Pyritta apprrans. the importance of the family as a whole 
Ee ao ee baltiiot ad yet be settled. A study of the 
parasites of this family would yield results of interest and we are almost 


wholly ignorant as to the checks on their increase beyond those caused 
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large family. Distant, following 
Stal, makes twelve sub-families, 
the key to which is in the volume 
of the Fauna. We are notin a 
position to enter into this here, 
so smalla portion of our plains 
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and the student of this family 


should consult the original f \ 
volume which we follow. We may Fig. 498—Pyrops CHENNELLI. x 13. 


remark that we hope that a revi- 


sion of the family, and its division into more natural groups will follow 
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Eurybrachydine.—Anterior legs compressed, dilated; face broad, 
angled at each side. The broad flat face ending in an angled prominence 
at each side marks these insects. Hurybrachys is common, E. tomentosa, 
F., especially, which has broad olive-green tegmina mottled with yellow, 
a green head or pronotum and mesonotum, and purple-red metanotum. 
sternum and legs; the female has a mass of white mealy wax on the ab- 
domen and is found on bhinda (Hibiscus esculentus) and other Malvaceous 
plants. Large numbers of eggs are deposited in this wax on the plant, 
hatching to small active bugs which suck the plant. The insect is a 
very striking one; £. apicalis, Wlk., in which the wings are fuscous (in 
E. tomentosa, they are white), is also found and apparently has similar 
habits. 


Dictyopharine.—No apical ocellus. Sides of clypeus carinate or 
acute. Chiefly characterised by the absence of characters used for other 
sub-families. Dachoptera includes one common plains form, D. hyali- 
nata, F., which suggests a Cicada. It is one of the largest forms in the 
plains with an expanse of two inches and the tegmina hyaline with a sin- 
gle transverse fascia. Itis found feeding upon the wild fig trees, the pipal, 
banyan, gular, etc. Dictyophara isa large and widespread genus, with at 
least three common species likely to be found. The head is usually pro- 
duced forwards and upwards, the tegmina are long and narrow, the hind 
tibia with four to six spines ; our species are small and delicate, with a 
body length of about } to} inch. D. sauropsis, Wlk., has a short head, 
and is green in colour; D. walkert, Atk., is smaller, pale ochraceous in dry 
specimens but green in fresh ones ; D. lineata, Don., has two longitudinal 
fuscous fascie in the tegmina. All are common in grass and can be found 
readily. The last is perhaps the most common but this probably varies 
with the locality. Udugama spiendens, Germ.., is a little larger, ochreous 
(green) in colour, the tegmina with a fuscous stigma and apex ; the head 
is only slightly produced. 

Cixiine—Three ocelli, one on the apex of the frons; claval vein not 
reaching the apex of the tegmen. Olarus is represented by several 
species, small dark insects with rather long hyaline wings, the mesonotum 
with five distinct ridges. So far as known, these small insects live in 
srass and at the roots of plants. Busia, in which the face is long, 
Oe with strongly carinate lateral margins, has one species recorded 


from Bombay, which is likely to be found elsewhere. 


Tropiduchine.—Margin of clypeus not carinate ; basal joint of pos- 
terior tarsus long. A small number of species, 
recorded ; none are yet known to occur 1n the plains of India. 

Achiline—Clypeal margin carinate. Eleven species, chiefly of 


largely from Ceylon, are 


Ceylon forms are included herein. 
Derbiine.—Nertex and face of head narrow; apical joint of rostrum 


Pl is ‘ = ‘ ; 1 f f ’ 
short. One of the commonest small Fulgorids is included herein, Phenice 


moesta, Westw., found commonly on cane, 
erasses and cerealsin the plains. The imago 
sits on the lower surface of the leaves, suck- 
ing the juice, the long narrow tegmina 
standing straight out at right angles to the 
body. Drona is not uncommonly represented 
by a reddish form, apparently not recorded 
as Indian,in which the tegmina are long 
and hyaline, the wings very small. Nisia 
atrovenosa, Leth., 1s probably also com- 
mon as we haveit from the plains, a small \ | 
ochreous insect in which the wings are of } = 5 ae 
more normal size. : 

Lophopine.—Basal joint of posterior me se ge MN) MOESTA. 
tarsi robust, short. Hlasmoscelis platy poda, 


Kby., will be found, a small dark insect, with deepbrown tegmina and 
the anterior tibia flattened and dilated. Brixioides carinatus, Kby., is 
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Pyrilla (Gamila) aberrans, Wik. (lycoides, Wlk.), has been confused 
with Dictyophara pallida, Don., in Indian Museum Notes and other 
publications. It is an important pest to cane, the bug sucking the juice 
of the leaves and seriously affecting the sugar-content of the plant. 
The full life-history is described elsewhere and we figure two stages. 
This insect is found practically throughout India. 

Issine.—These are small forms with thickened tegmina ; our com- 
mon form (Caliscelis eximia, Stal.) is wingless with abbreviated tegmina, 
the long forelegs flattened and much dilated. The female is dull ochre- 
ous, the male ochreous and piceous. It is a common enough insect in 
grass, but its small size makes it inconspicuous. Hilda bengalensis, Dist. 
(A. N. H., 1909, p. 40), is a small brightly-coloured species found upon 
the pods and shoots of Amaltas (Cassia fistula) and pipal (Ficus religio- 
sus) in Behar. Its oval eggs are laid in clusters on the bark. The young 
are gregarious, often found with the adults, and remain quiescent upon 
the food-plant. Ants visit them frequently and in some instances the 
red ant has been found to enclose and care for them. 

Ricaniine.—Our species have large ample tegmina and wings, the 
former more or less darkened. Ricania includes one common species, 
R. zebra, Dist., in which the deep brown tegmina have transverse lighter 
stripes and lines. This is a common insect in grass and in rice, where it 
sucks the juice of the green plants. Ricania apicalis, Wlk., and R. 
simulans, Wlk., also occur more rarely. 

Flatine.—Clavus granulate. The costa often much dilated, with 
many cross veins. This sub-family includes the beautiful moth-like 


Fig, 501—RIVANIA ZEBRA. * 3. 


species, with ample tegmina lying at an angle over the body which are 
so striking when first seen. Lawana conspersa, Wlk., is a large creamy 


white species found breeding in the plains. Phromnia marginella, 
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Oliv., is not a plains insect but is sufficiently striking to have been 
observed, and it is recorded that in Garhwal the -white secretion 1s 
eaten and is, in Narsingpur, believed to have narcotic properties. 

P. viridula, Atk., is recorded from Poona. Flata ferrugata, Fabr., 
is a small ‘‘ dead leaf coloured’’ insect not uncommon in Western 
India. The very common plains species with greenish-white tegmina 
belong to the genus Melicharia and apparently principally to M. 
lutescens, WIk. Nothing appears to be known as to their life-history 
though they are common in cultivated areas. Ketwmala bisecta, Kby.. 
is found on grass. 

Delphacine.—A long robust mobile spur on the apex of the hind 
tibia. These small insects are so insufficiently known that our common 


Fig, 503—LIBURNIA PSYLLOIDES. A. IMAGo. 
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it is likely that these little insects may be found to play an important 
part as pests of grasses and small cereals. 


Collecting— Almost no family will so well repay study from every 
point of view: much collecting and systematic work must be done 
before we can know our common species and the life-histories of all are 
worth careful study. Imagos require careful pinning and preservation, 
but no special methods of collecting are necessary except careful 
observation. Life-histories must be observed on the growing plant, but 
this has been successfully done in some cases. 


MEMBRACID&. 
Tursi three-jointed ; prothorax produced backwards into a process. Ocelli 
placed between the eyes, antenne in front of and between the eyes. 

These small insects are as a rule recognisable at once by the bizarre 
form assumed by the prothorax, which is developed into a distinct process 
posteriorly and often into two thorn- 
like processes laterally. The position 
of the antenne and ocelli must, 
however, be examined and the stu- 
dent will readily confuse our com- 
mon forms with Macherota in the 
next family in which the scutellum 


is produced into a_backwardly 


Fig. 504—LEPTOBELUS DAMA. 


directed spine and the imago very 
closely resembles some Membracids in general appearance. Our 
common species are all small dull-brown insects, often with a peculiarly 
close resemblance to stiff thorns, their attitude on the plant aiding 
the resemblance. It is probably accurate to believe that they are pro- 
tected by the fact that when at rest on the twig of a plant they give 
the appearance of stiff thorns, often recurved and while the plants 
they feed on often have no thorns, yet these insects may have 
originated upon thorn-bearing plants and maintain the structures and 
resemblance which are still useful to them. 


The length rarely exceeds 10 m.m., usually being about 4 to 6 m.m. 
(t to } inch). The head is small, concealed by the greatly developed 
prothorax ; the latter is produced posteriorly into a long sharp process 


which may lie close to the wings, being concave above or be convex above 
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he wings ; anteriorly there is often a 
single upright process which may curve backwards high ses the gel i 
be produced laterally into spines, both occurring toget cites ae 
(Leptobelus) ; more often the prothorax is produced re pee a 
divergent thorn-hke process, curving forwards, nea or ac res He 
in many the prothorax 1s not produced anteriorly. The scute um Is 
obsolete or concealed in one sub-family (Membracine), the tegmina and 
wings are often comparatively small, hyaline and distinctly veined ; they 
are in repose placed at an angle over and against the abdomen, which is 
then concealed. Legs are well developed, short, and the insects can run 


and curve down to the apex Olt 


rapidly along a twig or leap off suddenly, taking flight then to another 
twig. Males and females are similar in general appearance. In one 
Himalayan genus (Darthula), the abdomen is produced posteriorly into 
a long bristly process, whose function is not known. 


Little is known of the life-history. We figure some stages of Oxyrha- 
chis tarandus, Fabr. (Plate LX XVIII), a common species of the plains. 
In this as in other species eggs are laid inthe bark of twigs of the food- 
plant, cuts being made in two rows at an angle, the eggs laid in the cut 
with the ends exposed ; each egg is cylindrical with rounded ends, a spine- 
like process curving back from the end; this spine apparently serves 
to fix the egg in the plant but may have other functions. The young are 
found gregariously with the adults near the eggs ; they are brown and 
shiny, the body apparently covered with moisture ; the abdomen ter- 
minates in a telescopic tube, tipped with red, from which issues the liquid 
excretion which ants love; the red tip suggests a device to attract the 
ant, since it is visible only when the telescopic tube is extended before the 
liquid issues In one sub-tropical species (Hypsauchenia subfusca, Buckt.), 
the young are very like small cockroaches (Blattids) with a prominent 
pair of cerci, with no sign of any pronotal prominence, the body flat- 
tened and rounded. The adults constantly remain motionless on the 
plant until disturbed. often in clusters : they extract sap from the twig 

on and are more or less gregarious in habit. Females have been 
observed to rest on or near the eg 


: 798 until the hatch, and apparently this 
1s the normal habit in this speci / hi 


known but devel 


they are 
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has eeks normally, and while the 
number of eggs laid is large ; 
s large, 


mM number does not appear to be 
ew observed at all times of the 
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very great or rapid. Breeding has be 
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PLATE LXXVIII.—Oxvrnacnis Taranvves. 


woe 


Eggs laid in twig of babul (Acacia arabica), 

Nymph five hours after emergence, x 50. 

Eggs, removed from plant, immediately after being laid (left), 
before hatching (right), 

Nymph, second instar, x 18. 
- third re x: 36, 

Imago. 

Head of imago from in front 


PLATE LXXVIII. 
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year and no definite seasons are known; there is some reason to believe 
that continuous multiplication is not possible since a supply of plant 
sap is not always available ; 2.e., that these insects breed at seasons when 
the supply of plant sap is large, there being a relation between the plant 
and the insect in this respect. Food-plants have been little observed 
and the common species are probably considerably polyphagous. They 
are found on trees as well as shrubs and the more bushy herbaceous 
plants. None can be reckoned as pests to agriculture, as no case has yet 
been seen of their occurrence in sufficient number to materially injure a 
plant, though they are common in the plains. Little is known of their 
enemies ; Hymenopterous parasites were obtained from the eggs of 
Leptocentrus taurus but no other enemy is recorded. 


The Indian species have been recently monographed by Distant in 
the Fauna of India : 117 species are described, from India, Burmah and 
Ceylon, of which about 10 are known to occur in India exclusive of the hills, 
The records of occurrence of species in the plains are however very meagre, 
as, exclusive of Calcutta and Bombay, nearly all the species collected 
have been from hill localities. There is a large field for collection in the 
plains and many species to be found. Distant recognises two sub-families, 
the Membracine in which the scutellum is obsolete or concealed, and 
the fore tibize dilated, the Centrotine in which the scutellum is distinct, the 
apical angles acute. Of the former, the student will find only Oxyrhachis 
in our fauna, represented by O. tarandus, Fabr., a brown insect with 
the posterior pronotal process curved up from the apex of the wings, 
the anterior lateral processes in the form of short tricarinate thorns. 


— 


Fig. 505—LeprocentRus - Fig. 600— CENTROTYPUs 
- TAURUS. FLEX UOSUs. 
This species is common in many localities, breeding upon pigeon pea 
(Cajanus indicus), babul (Acacia arabica), laburnum (Cassia fistula) 
We figure the stages ; the eggs can be readily found, the female usually 
remaining over or near them until they hatch. Of the Centrotine we 


figure Leptocentrus taurus, Fabr., which, with L. substitutus, W1k., is found 
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on bushes in the plains. L. taurus, Fabr., breeds on sissu (Dalberg: 


. (Zizyphus jujuba) and on brinjal (Solanum melongena) ; the 
sissu), ber (Arzyphus ju) : dant (Occophylla 
reen and is often kept in leaf-nests by the red an 0 phylla 


nymphs g is a small form, with no lateral 


smaragdina). Gargara miata, Buckt., im. 
processes, found breeding upon sissu (Dalbergua ae | | 

That extraordinary insect Darthula is placed in this family, though 
its habits agree with the Cercopine division of the next family. It 1s 
a large red-brown insect, with a long black process at the apex of the 
abdomen ; seen solitary there is marked mimicry of a fallen withered 
bramble-leaf, the process being the hairy leaf stalk; but the insect 
lives gregariously upon the Himalayan alder (Alnus nepalensis), where 
the clusters present a most grotesque appearance with the bristly 
processes sticking out at all angles. Like the Cercopine, these squirt 
out fluid when agitated. The species is not a tropical one, occurring 
in the Himalayas. 


CERCOPIDA. 


Ocelli two, on the vertex. Third tibie with stout teeth 
and short spines at the apex. 


The absence of the double row of spines on the hind tibia distinguish- 
es this family from the next, while the simple prothorax distinguishes it 
from membracids. There is a characteristic 
appearance about the plains species which 
enables them to be recognised easily in the 
field. Most are small, wedge-shaped insects, 
commonly “ dry-grass colour”; the larger 
and more brilliant forms occur in the hills or 
in submontane forest areas ; these constitute 
amarkedly separate division, and it would 
not be difficult to divide this family into three 
Separate families ; 


the Macheroting have 


a. ~ x r INC 
the scutellum produced into Binet ret oa oo 


a spine, and TATA. x 4. 
; the A phrophorine 


anterior margin of the pronotum rounded or 
adults are found in grass and low 


of leaping; the nymphs live 
have the anterior margin of the 


live in tubes when young 


hav ; 
lave the angulate ; the 


vegetation, and have great powers 
in“ Cuckoo-spits” ; the Cercopine 
pronotvm straight and have the eyes 


Fig. 


PLATE LXXIX.—Macuarota Puanitia. 
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Eggs embedded in the tissues of cotton stem. x 2. 
An egg embedded in the tissues. x 6. 


An egg magnified 8 times. 


The Nymph 19 days after hatching. 
The calcareous habitation of the Nymph, with a supplemen- 
tary tube below for drawing in air, x 7. Tube 20 days old. 


Calcareous tube with the last moult attached to it. Moulted _ 


skin enlarged 7 times, 
The male. x 5, 
The female. x 5, 


‘Lateral view of the imago (female), x 74, showing the curved 


scutellar spine, 
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nearly round; they live a free life upon trees and bushes, the nymphs 
active. We discuss these divisions separately. Nothing is on record 
as to the enemies of Cercopide ; none are really injurious, though 
Macherota is sometimes abundant on cotton. 


Distant lists 130 species from India, Burmah and Ceylon (Fauna of 
India, Rhynchota, Vol. IV), but there are many more to be found and 
described, even in the plains. One of the most interesting species is 
Macherota quttigera, Westw., described as making tubes on plants in 
Ceylon. (Trans. Ent. Soc., London, 1886, p. 329). M. planitice, Dist., is 
common on ber (Zizyphus jujuba), on bael (AZgle marmelos), or cotton and 
other plants in India. The egg is laid on the twig, the nymph producing 
a liquid excretion which it forms into a small whitish tube, in which it 
lives ; it is in fact a “ spit-insect ” in which the liquid excretion dries to 
a solid substance. We figure all stages of this insect, which may be seen 
commonly in the plains. (Plate LX XIX.) 


A phrophorinw.—-These are small “ dry-grass ” coloured insects whose 
immature stages are commonly passed in a mass of bubbles of liquid, 


Hig, 508—PHYMATOSTETHA CIRCUMDATA.  X int 


produced by the nymph itself on its food-plant. The common species are 
found on grasses, the white mass of bubbles enclosing the flattened whitish 
nymph. The details of the metam orplosis are not known for any Indian 
species. Poophilus costalis, Wk... is widespread and common: Ptyelus 
nebulosus, F., is a little smaller and darker ; P. subfasciatus, Wlk., and P. 
affims, Dist., have the tegmina mottled dark and light. Clowia puncta, 
Wlk., is the smaller extremely common species, dry-grass colour with 


a single black speck near the apex of the egmen. C. bipunct ata, 
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Kby., is less common but is found in the plains. A phrophora occurs more 


sparsely, 4. sigillifera, WIk., being the common species. 

The Cercopine include the large brightly- 
coloured forms of the genera Phymatostethus and 
Cosmoscarta, which are wholly hill forest insects 
and the smaller, fragile forms of the genera 
Abidama in the plains, of Callitettia and KHoscarta 
in the hills. 

Abidamarufula, Dist., and A. producta, Wlk., 
are fragile inconspicuous insects, found at light or 
on grass ; the former is brown to black, the latter 
has red tegmina edged with black. They are 
nocturnal insects, found on grass by day ; their 


Fig. 509—ABIDAMA 
PRODUCTA. X 3. 


life-history 1s wholly unknown. In the hills, the 
large species of Cosmoscarta are very conspicuous ; 
they are found abundantly on trees and excrete a very noticeable amount 
of liquid honey-dew. 


JASSIDA. 
Ocelli placed on the front margin of the head. Posterior tibie with a 
double row of spines. 

This family includes a large number of. small linear insects, easily 
recognisable by the spiny tibie. They are of varied colouring, almost 
always cryptic, in a few sub-tropical forms warning. Green, “ dry- 
grass colour and similar tints prevail in those which live on bushes 
or In grass; those living on bark are speckled with black, while those 
which form part of the surface-soil fauna are black. The body is 


usually narrow and with parallel sides, the wings tightly folded round 
the abdomen: the head is broad, clo 
in most leaping insects, 
spicuous. 


sely united to the prothorax as 
the antennze thread-like, small and incon- 


The legs are well developed, and the hind pair are formed 
aping much as in the Acridiids 
former with cl : 


for le 
Males and females are similar, the 


asping organs, the latter with a concealed ovipositor. 
fe-history ; the eggs are, in the known species, 
plants: the nymphs are active, found running 
ected pe ot moults and the details of the 
ations of Idiocerus breiwhaie s any Indian species ; the transform- 
Y passed on the mango tree and the nymphs 


laid in the soft tissues of 
actively on the plant. 
metamorphosis 
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of other species are commonly seen on their food-plants. Idiocerus has 
a curious cycle, as there is but one brood yearly on mango in the early 
hot weather and the imago lives over on the tree for the rest of the 
year. It is possible that this occurs also in many other species, and it is 
probable that there is a very close inverse relation between the 
vigour of the host plant and the prosperity of the Jassid species. 
Hibernation appears to occur usually in the imago stage, but there is 
very little accurate information on this point. Equally little is known 


of the parasites or enemies of this family. 


These insects are found commonly in grass, low vegetation, on the 
soil, more rarely on trees ; their food-plants are little known ; Idiocerus 
is found on the mango tree and other species specially feed upon rice, 
cotton, etc. They are of little economic importance, the species 
attacking mango destroying the blossom, the species attacking 
cotton causing a curling of the leaf of the broader-leaved varieties 
(American and tree cottons), as does the species attacking Castor ; 
as with other small sucking insects, there is a marked relation between 
the vigour of the host plant and the amount of Jassids attacking it, 
and it has been often observed that weak plants are more infested 
than vigorous ones (see Indian Insect Pests, page 109). The number 
of Jassids in pasture is sometimes enormous, and it is possible that 
injury is caused in such cases, though we are not aware that it has 
ever been proved. 


Distant has recently described the Indian forms in Volume IV of 
the Fauna of India ; we are aware of no published information on this 
family except descriptions of species, which. are all referred to by 
Distant. Large numbers of species probably remain to be described 
since the plains fauna especially has been little collected and it is very 
extensive, probably equal to the sub-tropical fauna. 

Distant enumerates 340 species in the 
Fauna of India, Vol. IV, of which 54 are 
actually recorded from localities in tropical 
India, chiefly from the Pusa collection. 


Ledrine.—A small number of species 


of very marked facies, the broad foliaceous 


Fig. 510-——LEDRA MUTICA. 
1 ; ae ee : 
lg head specially distinguishing our species, 
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Ledra mutica, Fabr., 1s a dry-grass-coloured insect, speckled with grey, 
uncommonly and which occasionally comes to light. It 


found not ; 
measuring two-thirds of an inch in 


is a comparatively large insect, 
length, with a flat spear-shaped head. The 
nt nymphs have been found on mango but sparsely. 


The head is much deflexed, the vertex almost 


green foliaceous semi- 


transpare 


Bythoscopine. 
absent, the ocelli on the face. Tegmina membranaceous. 

Idiocerus clypealis, Leth., I. niveosparsus, Leth., and J. atkinsoni, 
Leth., were described from specimens attacking mango shoots in 
Saharanpore (I. M. N., I., 4). These small 
insects occur in great abundance in some 
seasons, and mango trees then contain vast 
numbers which fly out in a cloud when dis- 
turbed. They feed on the sap of the young 
growing shoots specially, and the develop- 
ing flowering shoot naturally attracts them. 
When really abundant, the amount of sap 
they extract is sufficient to prevent the 
shoot growing, and the whole crop is lost 
owing to the destruction of the flowers. 
They occur practically throughout India 
and are abundant only in some years and 
in the hot weather. Their eggs are laid in 
the soft shoots and the moults of the MCE Reh Seis 
nymphs are undergone on the leaves, the cast 
skin remaining behind on the leaf. It is now 
known what their seasons are ; in Behar 
there is one brood in the early hot weather 
(March—April) and the adults then live over 
on the tree until the next year. They have 
not been found to breed in the interval and 
regular observation .has shown them to remain 
ae ee the year as adults sitting 

- Dark or leaves. 


fb . a ° : 

; ettgonielline.—The ocelli on the vertex 

Fig. 5lla—TErricont. or the head, 
ELLA SPECTRA. Lettigoniella s 


the face prominent and convex. 


pera, Dist., is the common rice 


JASSID.A. LOT 


Jassid, an almost white insect, about one-third of an inch long, 
found abundantly on this crop and in grass. It is widely spread in 
India and is at times found in such abundance that it may almost be 
put down as a pest and will probably rank as a destructive insect 
when it is exceptionally abundant. It is the sole example of this 
large genus, so well represented in sub-tropical India, which is 
really widespread in the plains. Kolla mimica, Dist., is extremely like 
the foregoing species, but is not known to have its wide distribution ; 
students will certainly confuse it and should bear in mind Distant’s 
remark: “It is however to be generically separated by the angular 
vertex, the lateral margins of which are in a line with the outer 
margin of the eyes.” : 


Gyponine.—The three tropical Indian species are so distinct that, 
though the ocelli are on the vertex, they will be readily recognised. 


Fig. 512a—KRIsNA STRIGtI- 


Fig. 512—PENTHIMIA SUBNIGER. COLLIS. x 3. 


Penthimia compacta, Wlk., P. submger, Dist., and Neodartus acocepha- 
loides, Mel., are dark-coloured rather broad insects, flattened and 
not slender, which are found on soil and among fallen leaves, or 
which come rarely to light. They are rather sluggish insects and form 
part of the immense surface soil fauna, unlike most of this family. 


Jassine.—Ocelli placed on or at the anterior edge of the head. 
Mucaria splendida, Dist., will be confused with the last species unless 
the ocelli are looked for when they will not be found. Itis a rather 
broad black species, so far known only from Pusa. Hecalus is 


IIL 47 
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represented by a single green species with the broad head of Ledra, 
but which is easily distinguished by the absence of the ocelli from the 
head above. Thomsoniella is represented by two small dull green 
cies, so far known only from Bengal, but probably far more widely 


ee is known from Bengal and 


spread. Selenocephalus virescens, Dist., 
Assam, a dull green species with a groove across the apex of the head. 
Krisna strigicollis, Spin., 18 a larger dry-grass coloured insect, more 
than half an inch long in large specimens, widely spread in tropical 
and sub-tropical India. Goniagnathus punctifer, Wlk., is a broader 
brown insect, widely spread over the plains, as in the hills; Varta 


rubrofasciata, Dist., is a larger green insect, the tegmina with red 


lines found as yet only at Pusa. 

Nephotettia includes the green species which are so well known to 
Calcutta residents as the “fly ’’ which comes in hordes to light 
towards the close of the rains. Two species are concerned, JN. 
bipunctatus, Fabr., in which the female is green, the male green with 
two black spots and WN. apicalis, Motsch., which is green, much 
marked with black. They come freely to light and in the humid heat of 
Lower Bengal multiply immensely and are a distinct plague. Deltoce- 
phalus and Paralimnus are recorded from the plains. 


Typhlocybine.—* The Typhlocybine are readily separated from all 
the other sub-families of the Jasside by the four longitudinal veins or 
sectors of the tegmina whichrun to the transverse veins defining the api- 
cal cells without branching, so that there are no ante-apical cells and also 


by the absence of supernumerary cells in the wings. ”—(Gillett in 
Distant.) 


Empoasca flavescens, Fabr., is the well-known “ Green fly’ of tea, 
recorded by Distant from India, Ceylon, East Africa, Brazil, Europe, 
Britain, United States and the whole Palearctic Region. It is one of 
the insects which by sucking the apical shoot check the growth of tea and 


lessen the yield, though improving the flavour. Ordinary contact 
poisons check it readily. The ver 
on tea, but it is not eas 


solely to this pest. 


y delicate green nymphs are common 
y to be sure how much damage is really due 
Thi oped sets; E Tae Mel., is a common insect on castor. 

88 aid In the soft tissues of the leaf mid-rib and the bright 
green nymphs suck the leaves, causing curling and distortion. The 
Imago is green, with only dull white markings on the vertex and 
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prothorax. The insect is a pest to some varieties of castor especially, 
but is not usually destructive to castor grown as a field crop. 
Lyphlocyba sudra, Dist., is sometimes curiously abundant on Bauhinia 
and it is a striking commentary on the dependence of these sucking 
insects on their food-plants to see a tree with the leaves yellow and 
withering from the depredations of this insect when none live on 
neighbouring trees. Annandale records their occurrence in Calcutta 
and we have seen a remarkable case of this kind at Pusa, a tree with 


every leaf covered with 
them in all stages and 
which put forth and 
maintained healthy 
foliage only after 
thorough spraying. 


Collecting.—There is 
much to be done before 
the Jassids of tropical 
India become properly 
known and the num- 
ber of species recorded 
only from Pusa or Cal- 
cutta inftropical India 
shows how little the 
family has been col- 
lected in the plains. 
Still more is there 
room for life-history 
and bionomic work 
and no group offers 
such facilities for re- 
search on the relation 
between the vigour 
of the plant and its 
immunity from these 


and kindred pests, 


Fig, 5114—IDIOCERUS CLYPRALIS, (F. M. H.) 
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PHYTOPHTHIRES. 

The smaller Homoptera, of the f amilies Cercopide and Membracida. 
lead into a series in which the active habits of the larger Homoptera are 
replaced by a method of life in which the insect is more or less fixed with 
a closer ‘ parasitism ’ of the host plant than occurs In the more active 
forms and in which there is a tendency to the development of wingless 
forms, culminating in completely apterous, usually inactive females. 
Correlated with this is a growing differentiation of the inactive pupal 
stage, leading to the almost wholly inactive male * pupa ’ of Coccide. 
Taking these together, there is sufficient justification for separating off 
as a single group the dimerous and monomerous families of Homoptera, 
with a clear understanding that they are not so widely separate from the 
trimerous families as perhaps the Coccid@ themselves are from the dimer- 
ous families. It is probable that strictly we should separate the Coccide 
as a division equal in value to the two, Trimera and Dimera, but this 
would be for our present purpose inconvenient. An obvious structural 
character separating the Phytophthires from the Homoptera is the 
antenna, in the former long, usually with 8 to 10 distinct joints, in the 
latter short, with a basal joint and a bristle-shaped process. 

Phytophthires, as here constituted, are marked by modifications of 
habits and structure which accord with a more specialised parasitism 
to their host plant ; in the Psyllide@ we get flat inactive scale-like forms, 
often gall-insects, in which locomotion is greatest in two stages, the very 
young larve and the winged males and females, but which does occur 
in all Stages ; in the A phide, the phenomenon of parthenogenesis appears, 
combined with the viviparous habit and the apterous female adult, but 
ae nein with yoneed males and females and production of 

Mised eggs ; the apterism, viviparism and parthenogenesis displayed 


are four i 

2 1d when abundant food and suitable climate are favourable to 
quick reproduction and an easy life on the 
locomotion is not 


parasitic activities ; 
the higher, less deer 
conditions of life, 


In Aleurodide, the active periods are limited 
the winged adult, both sexes ar 


but the parasitism shows itself j 


growing plant, when 
required and the organism devotes itself to its 
when these conditions disappear, the characters of 
aded organism are developed to meet the less easy 


to the young nymph and 
© winged and egg production is the rule; 
n the réduction of moults (as in all of this 
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division), in the immobile nymph firmly protected by a ‘scale’ and 
living gregariously fixed to one part of the plant. 


In Coccide, the parasitism is at its height ; in a number we find that 
parthenogenesis is a frequent occurrence, that the nymph is active only 
in the youngest stage, that the female is a simple sac, producing eggs, 
that a scale or other covering is present and that the male alone is free- 
living and winged ; the insects live gregariously fixed to the plant and 
viviparous reproduction is not uncommon. 


~ 


Until the physiology of the pupal period is investigated in greater 
detail it is impossible to judge how far the metamorphosis is 
really perfected, but there is a growing differentiation, both in 
the Phytophthires as a whole and in Coccide themselves of the 
metamorphosis, though the wings are developed outside ; there is 
not quite a sudden change from the wholly apterous nymphs to 
the ‘pupa’ with large free wing-rudiments, since the insect makes 
its cocoon after the last nymphal moult (not before, as in truly 
metabolous insects) and since itis active after the pupal moult and 
can move away to shelter before the wing pads emerge; but the whole 
process of wing development and of ‘metamorphosis’ takes place not 
during the last three instars as in most Homoptera, but during the 
last alone, the insect being then immobile. This is, in essence, an 
incomplete but advanced metamorphosis, and if we regard Coccide 
as being linked on to the Homoptera, then we must regard the 
Phytophthires as showing a growing tendency to a metamorpnosis 
and thus to an approximation to the higher and metabolous insects. 
We are of the opinion that the group show a marked adaptation to 
a ‘parasitic’ existence, visible in the differentiation of the male 
metamorphosis and in the simplification of the female life, the first to 
secure the perfect winged form, the latter to secure the undifferentiated 
egg-sac. If this view be correct, the division is moving, not to an 
approximation with higher forms, but to an increased degradation, 
an adaptation to ari inactive and parasitic existence. There is, how- 
ever, no reason to believe that Coccid@ have sprung from a separate 
stock as some would have us believe, and we may regard them as 
being the present apex of one branch of the Homoptera. 
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PsyLLID&. 
Small insects, with one or two pairs of wings in both sexes, without 
siphons ; the nymph is flattened, partially 
active in all stages. 

These are small insects, of infrequent occurrence, found in galls or 
on plants. The antenne are moderately short, the head with compound 
eyes and a beak, the thorax 
well-developed with one or 
two pairs of hyaline wings 
in which are two or more 
veins. The abdomen is well 
developed, and the legs are 


formed for running, not 
leaping. Males and females 


are similar in general ap- 
pearance. The life-history 


is known in few species; the 
nymphs sage meee the Fig. 514—PsyLLA CISTELLATA. (I. M. N.) 
wing-pads visible in the last 

three instars; the legs are well developed and the nymph can walk. 
Some are free living, found on the leaves: and twigs of plants, others 
live concealed in galls ; the latter are 
probably predominant and a large 
number of galls in India are the work 
of this family. No species has been 
carefully studied and very few are 
even known. In the present state of 
entomology, their identification is 
practically impossible and the Indian 
species are almost wholly unrecorded. 
The family has little direct economic 
importance, one species being destruc- 
tive to indigo seriously in some seasons, 
another occurring on citrus plants. We 


Beis . figure two species occurring in galls 
ay ‘ JSED By 17 ; hi J . f 
epcuen Mina ee Alstonia scholaris and Ficus glome- 
Lb. Fee) anaes 


rata ; 4geveral others are known, both 


i 
2. 
3. } 
4. 
5. 


— 


PLATE LXXX.—Psy.ups. 


Pod of Alstonia scholaris, with two mature galls cut through. 
Nymph of the gall insect, found in the gall. 


Psyllid, after emergence. 
Young gall on leaf of Alstonia scholaris, caused by the same 


insect. 
Galls on gular (/%euws glomerata) leaf. 


Nymph from the gall. x 20. ; : 


Psyllid, after emergence. 
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gall-insects and free-living species, besides those recorded below. (Plate 


(XR) 


Kieffer has described Phacosema gallicola as causing a gall on the 
leaf of Cinnamomea sp. in Trichinopoly (Zeit. Wiss. Insectenbiol. I], 
388) making anew sub- 
family, Phacosemine, for 
this and for Phacopteron 
lentiginosum, Buckt. The 
family is usually divided 
into Psylline, A phalori- 
ne and Triozine, ac- 
cording to the venation. 
Psylla isitis, Buckt., was 
described from the full- 
grown nymph of an in- 
sect said to destroy in- 


digo. The species has 


Fig. 516—PSYLLA OBSOLETA, BUCKT. 


been found on_ indigo 
since then and causes the terminal Fa and leaves to curl, all growth 
ceasing in bad cases. T'rioza (Psylla) obsoleta, Buckt., is recorded on 
Diospyros melanoxylon in Thana (I. M.N., V, 35). Psyllacistellata, Buckt., 
is referred to (I. M. N., III, 13) as causing galls on mango shoots in 
Dehra Dun. We reproduce the original figures of this species, which 
has been found sparingly in Behar also. Phakopteron lentiginosum, 
Buckt., was described from ster regard from galls on Garuga pinnata 
in Poona (I. M. N., III, No. 5, p. 18). 
Kieffer describes Indian gall-making Psyllids (Ann. Soc. Bruxelles, 
1905, XXIX, p. 160, etc.): Cecidopsylla schime, Neotrioza machili, 
Ozotrioza styracearum, O. laurienearum, Pauropsylla ficicola, P. globuli 


and Psylla cedrele, are the new species. 
ApHip&.—Plant lice, Green fly. 


Small insects, often wingless, the tarsc with two 
joints, the abdomen usually with a par of abdominal siphons. 


These insects are readily distinguished by the rounded form and pair 

of siphons. They are small, rarely more than one-tenth of an inch long, 
M4 \ylaele Dhea ay id 1at7 »+ 

and coloured in dull yellows, greens and black. The head is distinct, 
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with long straight antenne, small compoun bias ae 
a CIS an 
mouthparts extruded from a short proboscis. The thorax 


d eyes, and long thread-like 


Fig. 517—RHOPALOSIPHUM DIANTHI. (I. M. N.) 


are robust, the latter having a pair of ‘siphons’ on the dorsal surface ; 
there is a short tail-like structure on the lower surface, the Cauda. The 
legs are long and the insect walks slowly. Wings are long, with few veins, 
usually hyaline with pearly reflections. Wingless individuals are very 
common and occur with winged ones. The life-history presents peculiar 
features, adaptations to the ‘ parasitic > mode of life of these insects. 
The females are, as a general rule, parthenogenetic, producing eggs and 
young without the interventien of a male. 
duced which are females: the development may be very rapid, there 
being but few moults, and after the lapse of three days the female often 
ie lg producing living young, which will after the lapse of three 
days in turn produce young. This occurs normally in our common 
aphides which live on mustard, wheat, and cotton. _ 
ce ae Regn gee there is often a brood of both sexes, of which 
€ egos; this brood normally occurs before the winter 


e the ¢ ery 
5 the cold winter. This has not been shown to occur 
in India and there is as yet no evidence that 


Generally young are pro- 


and the eggs surviyv 


such likely is to occur; some 
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of our species are temperate forms which are active only in the cold 
weather and have to live over, not cold but hot weather; others are 
active throughout the year when food is available. The commonest 
aphides appear to have no sexual generation in the plains and, though 
much is obscure, it is at present reasonable to believe that the altered 
climatic conditions produce different sexual habits. Aphides are uni- 
versally plant feeders, living on the sap of plants. Several common 
cultivated plants are very seriously attacked and it is doubtful if any 
cultivated plant will not be found to be the host of some species. 

A sweet liquid is produced by these insects and is either excreted at 
the anus or secreted from the siphons. This liquid (honeydew), which 
is produced by many homopterous in- 
sects, 1s a favourite food of ants. Cer- 
tain species of ants derive a large part 
of their food from aphides and it is not 
uncommon to see the aphides cared 
for by the ants, shelters built for them 
and their enemies kept off. Many 
have more intimate relations with 


ants but our common species are free- 
living and are only visited by ants. 
Many other insects feed on the honey- 
dew when it falls in abundance on the 


Fig. 518 --RHIZOBIUS JUJUBM. leaves, but only ants are known to 
Cavite.) , ‘ : : 
obtain it direct from the siphons of 
the aphides. The enemies of aphides are proportionate to their 
enormous power of increase and are the sole check upon them. 
Aphides are parasitised by Braconids, are devoured by the larve and 
imagines of Coccinellid beetles, by the maggots of Syrphus and other 
flies, by the grubs of the Hemerobiids. Fungoid diseases destroy 
them under favourable conditions and birds have been seen to eat 
them. Were it not for these checks the aphides would, under their 
ordinary rate of increase, render the earth uninhabitable within a short 
time. . 
The classification of Aphida@ is a disgrace to modern entomology, 
and the group has not been properly studied in recent years. Buck- 


ton’s British Aphides deals with the group as a whole, but the genera are 
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founded on insufficient characters, and the discrimination of species, 


largely on very variable colour varieties, is extremely difficult. The 
wroup requires to be properly monographed, 
the genera and species to be founded on 
definite structural characters. Few species 
of Indian aphides are recorded and_ the 
known species are here summarised ; it 1s 
certain that there are many more species 
(especially in sub-tropical India), and there 
is a very large field of work in the biology |... 

of these extremely important and interesting pier ke aed a aie 


insects. 
The wheat aphis (Macrosiphum granarium, Kby.) is found on wheat 
during the cold months, infesting the leaves and ears. As the ears ripen 


Fic, 59 
Ig. 020—PEMPHIG Us NAPUS, (I. M. N.) 


with the warmer 
Tmer weather, t] 
for a little on this ley fly away to the doob grass and feeding 


S pla 

Stage they remain s i i A ne 

reappear then on tl zs November has not been ascertained, but they 

pth haiti i, Ni and it is probable they pass these months 
re Cotton Aphis (Aphis gossypii, Glov.) isa cos- 


mopolitan insect w 
aia sect which breeds freely PEM ioe . 
ailable. It has been found ae seasons of the year if food is 


: ton 
Hay have other toca: SN ci and cucurbitaceous plants and 
bz LON 


e7 
ira Paniger a, Hausm.. the so-called 
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“ American Blight” or “woolly louse” is stated to occur in South 


India and to have been extremely destructive ; a great deal has been 


written about this pest in temperate 
climates, and what is known of it 
in India will be found in Indian 
Museum Notes, II, p. 52. 

Buckton described Rhizobius juju- 
be from the roots of ber (Zizyphus 


Fig, 521—CHAITOPHORUS MACULATUS 


jujuba) and also recorded the 


WINGs. Kuropean rose aphis (S¢phonophora 


ros@) from India (British Aphides, Vol. 
IV). Though occurring outside the 
limits of the plains, we may notice the 
gall-making aphid on Pistachia terebin- 
thus described by Buckton as Pemphiqus 
cedificator (1. M. N., III, 71) as well as 
P. napeus, Buckt., and P. immunis, 
Buckt., on Poplar and Aspen in the 
Himalayas (I. M. N., IV, 50). Oregma 
bambuse, Buckt., is described as at- 
tacking bamboo in Dehra Dun. (I. M. 
Nel 87.) 


Buckton also described Chaitophorus 
maculatus (I. M. N., IV, 277), which 
attacked lucerne in Jodhpur. It is a 


X 
y 


Fig. 522—CHAITOPHORUS MACULATUS 
WINGLESS FORM. 


frequent pest to lucerne in other parts of India where this crop Is grown 
for fodder. The following is a list of definitely recorded or identified 


species :— 


Macrosiphum sonchi, \. on 
Toxo ptera aurantii, Boyr. 
Aphis gossypii, Glov. As 


rumicis, Linn. A 


adusta, Zehnt. ‘3 
cardui, Linn. Bs 
» brassicae, Linn. 


malve,. Pasce. 


Safflower. 

Orange. 

Cotton, Cucumber, etc. 

Vigna catjang, Benincasa 
cerifera. 

Juar. 

Pigeon pea. 

Radish. 


Bhindi. 
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on Ak. (Calotropis). 


Nyzus nerii, Boyr. 


Macrosiphum granarium, Kby. : Wheat, barley, etc. 
Chaitophorus maculatus, Buckt. 3 Lacon, -) 
Rhizobius jujube, Buckt. Ber (Zizyphus jujube). 
Ceylonia theecola, Buckt. = Tea. 
Schizoneura lanigera, Hausm. ss Apple. 
Pemphigus cedificator, Buckt. sf Pistachia terebinthus. 
- napeus s ss Poplar. 
a immunis ¥ ss Aspen. 
Siphonophora rose, Keam. * Rose. 
Rhopalosiphum nymphee, Fabr. - Aquatic plants. 
3 dianthi, Schr. > Rape. 
Oregma bambuse, Buckt. i Bamboo. 
ALEURODIDA. 


Mealy wings. Tarsi two-jointed. Both sexes winged, with few veins. 
Nymph in a scale with a vasiform orifice. 
This is a family of small insects, difficult to distinguish in any but the 
adult winged stage from Coccide. The adults have two pairs of wings, 


Ba teas 
Fig, 593 ~ALEURODES NUBILANS. (I, M. N.) 


with at most two velns in each - 
which the male has but one pair a 
Psyllide, in which the w 
adults are small moth-| 
sometimes with b] 


this separates them from Coccide in 
f wings, the female none, and from 
more than two distinct veins. The 


Ike iniseate : , 
rie oa isects, with floury wings, usually white, 
ack OF grey spots or bands 


PLATE LXXXI.—Axevroves Ric (Nexe Ne 
Castor ALEURODEs. 


Fig. 1. Eggs on a young castor leaf. x 8. 
» 2 A-single egg. x 20. 


» 3 Nymph just hatched. x 80, so 
ners » two days later with waxy fringe. 
eae » in last stage. x 25, . 
» 6. Adult female. 

(cone » male. 
s 8 


” 99 * 


CLANIA Soror. | 


» 9. Larva that feeds on the Aleurodes nymphs. 
i LOr Rupa 


» ll. Imago. | oe 
Figures 9, 10, 11, illustrate the Coccinellid beetle which specially feeds 
upon this mealy-wing. Ss epee — 
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The antenne are usually seven-jointed and moderately long ; the 
compound eyes are distinct and there are usually two ocelli. The wings 


Fig. 524—ALEURODES BARODENSIS 
Ecc, NympeuH, Purp. (I. M. N.) 


are of nearly equal size, with bristles 
or ornamentation at the margin, the 
thorax well developed. The abdomen 
is ovate and thickset, the vasiform 
orifice present (see below) the male 
with a short penis. Legs are of moder- 
ate length, the insects being able to 
walk and fly. . 


Peal worked out the life-history of 
some species and more has since been 
learnt of this group. The eggs are 
usually attached to the leaf by a very 
short stalk and are smooth, shiny, oval 
inform. They are laid in clusters on 
the leaf, often ina circular band formed 
by the female revolving as on a pivot 
while depositing them. The young 
larva that issues Is active, of the flat- 


tened oval shape of a Coccid larva, 
with legs and antennex; it is active 
for a short time and moves about till 
it finds a satisfactory place when it 
settles down and fixes itself. It 
then moults and becomes a legless 
scale-like insect, flattened and press- 
ed to the leaf; there is usually a 
development of wax as a covering, 
the wax being the product of dermal 
glands, as in the Coccide ; this wax 
often takes very bizarre forms. The 
characteristic of this and the later 
immature stages is the “ vasiform 
orifice,’ an opening on the dorsal 
surface of the abdomen leading 


into a space in which lies a narrow 


Fig. 525—ALEURODES 


BARODENSIS. 


B. 


Larva. C. Pores of larva. D. Margin 
of larva. E. Vasiform orifice and 
operculum, (I. M. N.) 
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whi ew is secreted ; 
eh honey-dew Is 8 

‘ucture, like a tongue (the lingula) from which ; y aA Se 
ee hinged plate (the opercu lum). In ate 
a g 


this orifice is covered by ¢ buried in the tissues of the host plant, 
. - ox "1e¢ >» ULF 
; its rostral seta bur : h ee 
the nymph has its bond ducing honey ; 
d nab de the sap it extracts. In addition to re pe Dates 
an we 0 i < 4 > . une 
re : - itis apparen ¥ 
; covered in; 1t 18 af 
‘oduces the wax it Is ¢ ae eis 
honey-dew 1s or is not distinct from i aintinetaat eee 
ee ? bd % Z S O S @) 8; / 
in Psyllide, but not in Aphid@ ; we believe it 1s n 
lide, 


or Aleurodide in all cases. 


ee fF 


Vig. 526—ALEURODES EUGENIZ VAR AURANTII, A. Pup on leaf. 
B. Pupacase. (. Diagram of pupa case. D. One radiatine 
p s pup gs 


patch of C. KE. Margin of pupa case. F. Vasiform Orifice, 
operculum and lingula (diagrammatic). (I, M.N.) 


In the nymph state there are two moults, followed by a moult lead- 
ing to the pupa Stage, 7.e., there are in all the following instars -— 


Ist instar, active, followed by 1st moult. 


2nd, scale-like, followed by 2nd moult. 
ata |, 


scale-like, followed by 3rd moult. 


Pupa ,, inthe scale. followedéby 4th moult. 
Winged imago. 


ALEURODID&, 75] 


There are only small changes at the second and third moults, but the 
insect in the puparium isa definite pupal form, inactive, with wings, 
legs and antenne being formed outside the body. From it the imago 
emerges, with fully formed rostrum and alimentary system, and leads 
an active life. 


A great deal is obscure about these insects, and we cannot here 20 
into further detail. Very littleis known of the hibernation, of the length 
of life, of the habits of the imago, etc. Peal observed that the nymphs 
were parasitised by minute Chalcids and they are fed upon by beetle 
larve. Fungi also attack them (e.q., Aschersonia and Spherostilbe). 


Equally little is recorded as to the destruction caused by these 
forms. The Cane Mealy Wing (Aleurodes barodensis, Mask.) 1s occasion- 
ally a serious pest in many parts of India; the Castor Mealy Wing is 
occasionally destructive ; tobacco is attacked by a distinct species ; 
the Mango Mealy Win% is sometimes important, as is a black species 
attacking orange. None are known as serious pests to permanent crops 
such as tea, coffee, etc., and none are likely to injure quick-growing 
crops. The family therefore has not a very great importance, about 
equal to that of Coccide, but far less than that of Aphide, if we consider 
Indian Agriculture. “ Black Blight,” the fungus which covers the 
leaves of plants on which ‘‘ honey-dew”’ has fallen, is a feature also of 
Aleurodid attack, and is confused with it. 

The student should consult the “ Contributions towards a Mono- 
graph of the Oriental Aleurodide ’’ by H. D. Peal, in the “Journal 
of the Asiatic Society of Bengal,” LXXII, pp. 61-98 (1903). It was his 


intention to have described other species including those mentioned 


here as attacking castor, mango and orange, but his death occurred 


when the work was in progress. 


The following is a complete list of the recorded Indian species, as 


given in his Monograph. 


1. Aleurodes eugene, Mask., occurs on BHugenia jambolana in 


Poona. (Ind. Mus. Notes, IV, 52.) 
A. barodensis, Mask., on Cane. (Ind. Mus. Notes, IV, 143.) 
h-West Himalayas. 


wo 


A. eugenve var aurantii on orange In Nort 
(Ind. Mus. Notes, IV, 144.) 


4. A. cotesii, Mask., on rose, Quetta. 


(Ind. Mus. Notes, IV, 145.) 


752 RHYNCHOTA, 


. ) . 
wv g ackere an}. 
Hp) ye ma) bila 8, B ekt.., on be tic | (J u} ) B 


ind. Mus. Notes, V, 36.) 
(Ind. Mus. Notes, V, = 
piperis, Mask., Ceylon. (Trans. N. 7, inst. (a 
p. 438, 1895.) | 
A. religiosa, Peal. (Journ. As. Soc., Bengal, LXXII, p. 67, 
1903), on Pipal and Banyan in Calcutta. 


coe | 


8 A. bengalensis, Peal. (loc. cit.). | 

9. A. Alcocki, Peal., on banyan, Calcutta and Champaran 
(loc. cit.). 

10. A. quaintancet, Peal., on Pipal (Ficus religiosa), Calcutta. 

11. A. simula, Peal., on the Silk Cotton Tree (Bombax malabari- 
cum), in Calcutta (loc. cit.). 

12. A. bambuse, Peal., on bamboos, Calcutta (loc. cit.). 

13. A. Leaku, Peal, on indigo, Dalsingh Serai, Tirhut 
(loc. cit.). 

14. A. hoye, Peal., on Hoya in Calcutta (loc. cit.). 


Aleurodes bergi, Sign., has since been found and reared upon sugar- 
cane in Behar, and other species occur on castor, mango and tobacco. 
A full account of the first has been published by Zehntner (Arch. Java 
Suiker-industrie, 14, p. 939 [1896], with coloured figures). Figures of 


the undescribed species occurring on castor in India will be found on 
Plate LXXXI. 


Coccip#.—Mealy bugs and Scale insects. 


Male winged, with one pair of wings. Female wingless. Usually small 


and concealed or protected by a 
covering. Tarsus one-jointed with a single claw. 


insects, living motionless on plants 


Scale insects, while rarely attaining very small dimensions, form part 


of the great number of insects that are sufficiently small to escape general 


attention. Many are not more than one-twentieth of an inch in diameter. 
Others are distinctly larger, of the size of 


whilst the giants of the family 


ibricans, ete.) are conspicuous 


PLATE LXXXII,—Coccips. 
Pgs 


Fig. 1. Pulvinaria psidii female and ovisac. (Enlarged). 
» 2. Dactylopius citri female and ovisac. (Enlarged), 
» 3 Diaspis barberi. 

1: ) 
» 9. -Leerya wgyptiaca Females, (Enlarged). 
C6 : 


{Plate painted by Mrs. 8S. Wyse.) 
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Practically all are clothed in some form of covering, or bear large 
masses of material of their own production. The winged males are cov- 


Fig. 527—YOUNG AND FEMALES, LECANIUM 
NIGRUM. xX 3 


ered only in a thin powdering of wax, as area few of the females. Many 
havea thicker coat of mealy material (Mono phlebus, Icerya, Pseudococcus, 
etc). ; the bamboo scale (Asterolecanium) has a glassy covering ; the lac 
insects (T'achardia) produce an abundant covering of resinous matter ; 
the wax scales (Ceroplastes) are enclosed in dense wax in plates ; the shield 
scales, Lecanium, have a thickened dorsal surface, without wax; and a 


Figo, 528—LECANIUM Watt (LEFT) AND ERIOCHITON THEA— 
Hs VENTRAL. (After Green.) 


(Diaspis, Aspidiotus, etc.) have a scaly covering formed of 


large number 
The colour of this covering is often white 


felted threads and cast skins. 
arely brightly coloured or noticeable; the insect within 1s usually 


48 


or grey,T 


IIL 
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brightly coloured, the colouring matter in the tissues showing throug h 
the skin. In such small insects, colour schemes appear to be of little 
importance though a few are cryptically coloured. In all, the eee: 
and males are sharply differentiated, the former inactive and wingless ; 
the latter small, active and winged. In their first two stages they are 
indistinguishable, the structure being similar throughout the group (see 
Plate LXXXIII). The young are oval, flattened, with legs, aneenne and 
eyes ; the form changes at the first moult, the body becoming flattened 
and adapted to the parasitic life onthe plant. Antenne, eyes and legs 
are no longer to be found in many inactive species, the mealy bugs and 
some active species retaining them. The female normally passes through 
three moults with small changes; the male after the second moult either 
gradually or immediately becomes a pupa ; wing pads are slowly formed 
and the resting stage is entered on some days after the second moult. It 
is thus not a true pupa, but rather a resting nymph. The degree of 
degeneration varies with the species and the adult pregnant female is 
commonly a sac, firmly fixed to the plant by means of the suctorial ap- 
paratus. The anal opening is on the dorsal surface, the genital opening on 
the ventral. The spiracles are reduced to two pairs, on the lower surface, 
at the termination of air spaces that lead to the edge of the body; in 
some there are special spiracular processes which bear the spiracle at the 


outside of the covering. The mouthparts consist of the short beak-like 


rostrum from which fine suctorial threads arise. Inthe winged male the 


antenne are long and many jointed; the eyes large; the body elongated 
and formed as in flying insects. The wings are narrow, with few veins: 
the second pair of wings is reduced to a hooked process which 
engages with the edge of the wing. At the end of the abdomen are 
frequently long many jointed cerci, 
pairs in a few (M onophlebus) 
serted. The 


one pair in some species, several 
; the penis is often conspicuous and ex- 
mouthparts are absent and in their place is a pair of eyes. 


In many species of Coccide reproduction is 


| apparently similar to 
that of other insects. 


Ina large number. however, we find that parthe- 


nogenesis 1s apparently general, the colonies consisting of females only, 
found and possibly occurring only at 


males not being commonly 
eis known accurately of such cases ; the females 


yroduce enormous numbers of ecos 
1 S of egas angl these eggs all hatch to females, 


which in turn produce female egos parthenogenetically 


intervals. Very littl 
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In other species males are abundant, often far more so than the 
females. Eggs remain for a longer or shorter time before hatching. 


Gane 
UN AN 
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Fig. 529—INGLISIA BIVALVATA FEMALE. x 5--MALR 
PUPARIUM x 15. (After Green.) 


In Lecanium viride, they hatch at once ; in Lecaniwm hemisphericum, 
they remain in the scale for several months and then hatching, 
development and reproduction goes on rapidly for several generations. 
Other species probably have seasons of rest and activity but these 
are not known. 

The food of Coccide@ is the sap of plants, extracted from the tissues 
by the long suctorial threads. Ina few cases, the presence of the coccid 
is shown by a swelling of the plant tissues, as if an irritant had been 
injected by the insect and a gall formed. In the case of Dactylopius 
nipe on Cotton and Mulberry, the shoots are twisted and deformed, 
forming knots and loops in which the insects live. A subject deserving 
of investigation is the relation of the plant*and its parasitic scale insect. 
There is much circumstantial evidence for the belief that strong and 
injurious plants are less attacked and more rarely infested than othe ° 
The precise means by which the plant effects this is unknown. 

Coccide are the prey of a very large number of insects. The most 
noticeable are the Coccinellid beetles and larve, many of which feed 
exclusively upon Coccide. Lace wing flies (Hemerobude) also attack 
the larva of a small acalyptrate fly feeds upon the masses 
The larvee of Spalgis epius (Lycenide), 
feed upon mealy 


Coccide ; 
of eggs laid by mealy bugs. alg 
as of Eublemma (Noctuide) and of several Tinerde | 
Parasites are abundant, principally Chalcda. 


bugs and scale insects. 
amp places and an 


In addition, fungoid diseases are very prevalent in d 
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enormous destruction may result if the conditions remain favourable to 
the spread of fungoid disease. With all these foes, one may imagine that 
even the enormous reproductive powers of this group are called upon 
to maintain their numbers and the curious way in which species become 
abundant in a locality and then disappear would be fully explained 
if we could observe the working of these enemies. Ants are not destruc- 
tive to Coccids as is so frequently believed, but visit them to obtain their 
sweet excretion or to strip them of their mealy covering ; in many cases 
ants build shelters for them, care for them, carry them about and treat 


them just as man does his domestic animals. . 


Few species are really destructive in India at the present time and 


the family has not the same importance it has elsewhere. It is chiefly 
to permanent crops such 


as tea, coffee, cacao, fruit, 
that these pests are injuri- 
ous in other countries, and 
in India, the green bug 
(Lecanvum viride), the brown 
bug (Lecanium hemispheri- 
cum) and the Mealy bug 
(Dactylopius citri) are in- 
jurious to coffee, while a 
number of species occur on, 
but are not injurious to, 
tea. Monophlebus has been 
known to do damage to 
mango, jack and_ similar 
trees but this is a one-brood- 
ed species and is injurious 
only once every few years. 
Aspidiotus  qurantii on cb ies a ‘teats fe sFemmaie, eae cai below) 
orange, the species attack- scale, all magnified. (I, M, N.) 

a oo (Dactylopius sacchari, Ripersia sacchari, Aclerda japon- 
rea), one species found on rice (Ripersia sacchari), and the potato 
Mealy bug (Dactylopius nipe) are the sole recorded cases of an 
importance. (See Mem. Agric, Dept., India, II, No. a) i 
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Coccids are abundant in all parts of the globe with their maximum 
development in tropical and sub-tropical regions. They have been 
spread on living plants and many species have a wide distribution. 
In many cases it is possible to clearly separate the indigenous and the 
introduced species and the spread of species now confined to their 
natural habitat will continue unless precautions are universally taken 
to prevent it. Of the 107 known Indian species, twenty-four are widely 
scattered and, though possibly originating in India, are more likely 
to have been introduced. Nine are doubtful and the remainder (74) 
are almost certainly indigenous and the number of indigenous species 
that remains to be discovered is probably a large one. In India, these 
insects occur generally, the greater number of indigenous species living 
on the diverse vegetation of the hill forests. 

The literature of Indian species will be found in Indian Museum 
Notes (Vol. V), and in the Memoirsof the Agricultural Department (Vols. 
TandII). In Vol. I, No. 2, Green lists the known Indian species with a 
number of new species, and the life-histories and food-plants are summa- 
rised in a later Memoir, Vol. II, No. 7. The volumes on Coccide of 
Ceylon by KE. E. Green should be consulted, as many Indian species are 
there discussed and beautifully figured. The student of the literature of 
economic Coccide outside India will find that the generic names are now 
extremely confused, owing to the substitution in Fernald’s Catalogue 
of Pseudococeus tor Dactylopius, Coccus for Lecanvum, Lepidosaphes for 
Mytilaspis and Dactyloprus for Coccus. We retain the old names 
(as Green has) and our Lecaniwm is the modern Coccus and our Coccus 18 
the modern Dactylopius. No useful purpose has been gained by trans- 
s, but American and Kuropean Entomologists have 


ferring generic name 
d the changes, and the student must bear this 


in part or wholly adopte 
very clearly in mind, ‘ 4 

Hight sub-famiulies are represented in India, the pide b glee 
cine and Brachysceline not being known to occur. ine co paca 
species is 107, M onophlebine 14, Asterolecaniine 4, Eriococene 2, Dacty- 


lopiine 16, Tachardune 


The Monophlebine are ma 7 
1e setiferous ring in the females. Monophlebus 1s 


4. Coccine 1, Lecanune 30, Diaspine 35. 

., Cocer 

rked by the compound eyes of the males 
and the absence of tl ue + 
represented by seven doubtfully distinct species. Both sexes grow to a 


t fi t ws) t} i fe males as mu¢ h as by O hird: of Cc if lt ch 
sTCA S1Ze (for c y), 
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The life-history of one species is fully described (Mem. Agric. Dept., India, 
Entom. II, 7), and all Indian species probably have a similar one. The 
young of both sexes appear during the cold weather and climb up bushes 
to feed. They moult as usual and the male in March, after the penulti- 
mate moult, struggles away into a corner and secretes a cloudy cocoon 
round itself; the legs and wings pads then appear and it becomes a 
pupa. The male emerges in early April and for a time is one of the 
abundant insects flying freely. (Plate LXXXIV.) The females are 
by this time entering the last instar and are fertilised now. They feed 
chiefly on the ends of branches of trees or on the stalks of such fruits as 
mango and jack. They grow to a very large size, flat active bugs clothed 
uniformly in mealy white wax. When full-grown they descend the 
tree and, when this is occurring, they are a very noticeable sight. In 
a week all have gone; actually each creeps away into hiding and 
lays eggs; the eggs lie there till November and then hatch. The 
curious life-history, the large size and, above all, their really extra- 
ordinary disappearance make this a very notable insect. 


Icerya egyptiaca, Dougl., iscommon on croton (Plate LX XXII) and 
the life-history of Z. minor, Gr., is fully described (loc. cit.). Newstead 
has described I. formicarium from ants? nests. Walkeriana cinerea, 
Gr., is a large solid insect found upon babul (Acacia arabica) and mendhi 
(Lawsonia alba). The young are provided with very long hairs and float 
in the breeze like thistle-down. Of the Asterolecaniine, Asterolecanium 
includes A. miliaris, Boisd., var robusta, Gr., found in immense profusion 
on bamboo in Behar ; the little pear-shaped scales are not easily seen, 
fixed tightly to the bamboo and not differing from it in colour. 
Cerococcus hibisci, Green, is a beautiful scale found upon cotton 
hibiscus, etc. It is widespread in India: | 


Chalcid sit 
incheck. The eae a ok 


Eriococcine include only two species found in the hills. 


The Dactylopiine are the “ mealy bugs” proper, the genera Dacty- 


lopius and Phenacoccus containing our common species. There is a defi- 
nite setiferous ring and the abdomen is not cleft behind. The life-history 
oe ECT ae is described fully (loc. cit.): D. citri, Risso (Plate 
LXXXII), is world wide, and ig in Coorg injurious e the ie. of 
young coltes plants. D. nipe, Mask., is known on stored potatoes and 
a veal hibiscus, ete. D. sacchasi, Ckll., lives on cane below th 

Sheathing leaves. D. virgatus, Ckll., is common on Acalypha, eet 
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and other garden plants. Ripersia sacchari, Gr., lives on cane, as 
also on rice and on grasses. Phenacoccus insolitus, Gr., has been found 
abundantly upon barlar (Sida cordi- 
folia). Antonina indica, Green. (fig. 
527), is enclosed ina close felted Sac, 
quite separate from the body ; it is. 
found on grasses. | | 


The Yachardiine include the lac 
insects, of which- Tachardia .lacca, 
Kerr. (Plate LX XXIII), is. the most: 
important, 7’. fici, Gr., and 7. albizzie, 
Gr., also yielding lac on a commercial 
scaie. It is by no means clear which 
lac is really 7. lacca or how many 
species there really are. There is a 
considerable mass of literature on the 
lac insects but no really good account 
has yet been published: (A. J.-L, 
Vol. IV, No. 3.) Of the Coccone the’ 
Cochineal insect of commerce is Coccus 
cacti, said to have been introduced 
into South India. C. indicus, Green, 
has been found on Opuntia by I. H. 


Fig. 531-~ANTONINA INDICA FEM. Burkill. 
ALES on grass stem. The _ right- as 
hand insect is extruding a drop of The Lecaniine have the body cleft 


ete ee tt ME EL) behind and the anal orifice closed by 


a pair of triangular plates. Three important genera are included : 


Lecanium has no distinct covering but a hardened integument ; no ovisac 


: Q : ite isac 18 | e 
is formed: Pulvinaria is similar but a white ovisac is formed (Plat 


i 5 y arrans ed 
| . oi > 28 S V 1 ed in solid W ax, usuall Cc z 


m 1 iothe brown scale of coffee, 
in plates. Lecanvum hemisphericum, T. 'T., 3s the b ; 


ate er >» eye) 13 j A ffee. 
L. viride, Gr., is the green scale of co soft scale, found i 
L. hesperidum, \inn., 1s the soft scale, found in 


The former 1s common on guava 


in other parts of India. =f 
the leaf-nests of the red tree-ant (Occophylla smaragdina). L. mgrum, 
e leaf-nests ne = I EN ae eae 
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Fig. 532—CHIONASPIS SEPARATA, FEMALE AND PUPARIUM., 
(After Green.) 

wax glands grouped around both, and on the margin, a complicated 
series of spines and processes. The identification of species is rendered 
possible by the pygidium. 

The covering of the female consists of the first small exuvium (pel- 
licle), to which is added the second exuvium (pellicle) and in most cases 
a large felted scale (secretionary supplement) ; in the male there is the 


first pellicle and a felted scale. Our genera can be distinguished by the 
characters of these scales more or less clearly as follows :-— 


Aspidiotus. Male and female puparium similar, subcircular. 
Mytilaspis. Male and female puparium similar, elongate. 
Parlatoria. ’ Male and female puparium similar, broadly oval. 
Aonidia. Male and female puparium similar, subcircular. 

Female puparium composed of second pellicle, no 

ee Secretionary supplement. 

Diaspis. Female puparium subcircular, male elongate. 
Chionaspis. Female puparium elon ate or pyriform. Male elongate. 
Fiorinia. Femal 


€ puparium wit 


no secretionary supplement. 
Male elongate. 


PLATE LXXXIV.—Monopuiesus Sreppsinai Var. 
OcrocaUDATA. GR. 


Adult Female, after the last moult 
Exuvie of Nymphs. 


- 


Female showing ovisac. 
Females egg-laying under a piece of brick. 
Male pupa. 
Male Imago. 
Aulis vestita, larva, magnified. 

9 O. » ” pupa, 9 

» 4 6 imago, 

Figs, 7, 8, 9, illustrate the Coccinellid beetle which specially preys upon 

this mealy-bug. 


OANA O FF wed 
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(Reprinted from Memoirs of the Agricultural Department. ) 
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Aspidiotus aurantii, Mask., is the red Scale of Orange, a world-wide. - 
species growing on cultivated citrus. A. destructor, Sign., is frequently - 


~ 


VoaN 


Fig. 533—FEMALE AND MALE PUPARIA OF DIASPIN&. 1. ASPIDIOTUS. 
2. MYTILASPIS. 3. PARLATORIA. 4. AONIDIA. 5, DIASPIS. 
6. CHIONASPIS. 7. FIORINIA. 


abundant on palmsand on mango. A. ficus, Ashm., is the black Scale of 
the Areca palm. Mytilaspis piperis, Gr., was found on croton at 
Calcutta, and by Dr. Barber on cultivated pepper in South India, 


7) 
/Foo 


Fig. 534—CHIONASPIS DECURVATA, GREEN. Pyaipiom. (I. M. N.) 


762 RHYNCHOTA, 


We figure Diaspis Barberi, Gr. (Plate LXXXII, fig. 3), Which grows 
on Loranthus on. trees. Chionaspis vitis, Gr., 1s frequently to be 
seen on the leaves of mango trees; two species of Hemichionaspis, 
H. fici, Gr., and H. minima, Gr., infest the fig trees so constantly 


grown as shade. 


PepicuLipa.—(Anoplura) Lace. 


Wingless flattened parasitic blood-sucking insects. The head distinctly 
separated from the thorax ; the three segments of the latter fused into 
one mass. The proboscis short, not folded back under the thorax. The 
legs stout, generally with very large claws. 


Lice are common parasites of men and mammals, and their 
characteristic flattened shape and big claws make them easily recognised. 
It is possible to confuse them with 
the non-blood-sucking Mallophaga, 
as a few species of the latter are found 
on mammals though they are mostly 
/ confined to birds. The Mallophaga 
differ from the Pediculide in having 
jaws instead of a proboscis, and in 
the thoracic segments being usually 
fairly distinct ; as a rule the head 
is relatively much larger than in 
Pediculide, and the claws smaller. 
Very little seems to be known about 

Fig. 535--H sMATOPINUS OF BUFFALO. the hife-history of Lice. The males 
are generally a little smaller than the 

females, and can sometimes be distinguished by their having the end of the 
abdomen rounded whereas the female abdomen is often divided by a 
: They are very prolific and probably most species 
will be found to pass their lives on the body of their host, though some of 
them apparently do not do so. Three species infest man, and are common 


inIndia. These are Phthirius nguinalis, Leach, the crab-louse : Pedi- 
cn ais DeGeer., the head-louse; and P. vestimenti, Burm., the 
ody-louse. Other gs eCles occ "ges Age 
, | occur on horées, cattle, goats, pigs, camels, 
dogs, ete. 


median notch or cleft. 
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Giebel (“Insecta Epizoa”) separates the Lice into four genera 
according to the following characters :— 


A. Antenne five-jointed. 


(1) Thorax not sharply separated from abdomen. Phthirius. 
(2) Thorax sharply separated from abdomen. 


(a) Thorax almost as broad as abdomen .. Pediculus. 
(b) Thorax a good deal narrower than 
the broad abdomen ms .. Haematopimus. 
B. Antenne, three-jointed | Fe .. Pedicinus. 


Of these four genera the first two comprise the human parasites. 
Pediculus capitis is very similar to P. vestimenti ; the latter however has 
antenne a little longer than in P. capitis, and the second antennal joint 
a little longer than the others, while in P. capitis all the antennal joints are 
about the same length. Species of the genus Pedicinus are found on 
monkeys, while in this classification Hamatopinus comprises all the lice 
found on other warm-blooded animals. The Indian species of this last 
genus are evidently fairly numerous, but they have not been worked out. 


The interest of the group has been considerably increased by the 
discovery that Pediculi may act as carriers of a fever-producing 


parasite. (Mackie, B. M. J.) 


The most recent classification by Dalla Torre (Genera Insectorum 
Fasc. 81) is considerably more elaborate than Giebel’s. He regards 
the Anoplura as composed of four families differentiated as follows :— 


A. Legs not provided with clasping claws ; 

tibize and tarsi slender, the latter with- 

out any thumb-like process. Mouth 

at the extremity of a long tubular 

process. | 

Antenne 5-jointed iy .. Heamatomyzide. | 

including the Indian Elephant’s louse. Hamatomyzus elephantis . 
B. Legs with clasping claws, tibize stout 

with a thumb-like process. Antenne 

3 to 5-jointed. Body flattened. A 

stigma on the mesothorax and on 


abdominal segments 5.8 


Eyes large, dark and prominent .. Pediculide. 
Kyes obscure or absent .. Hamatopimdea. 
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C. Antenne 4-5-joimted. Body thick and 
plump. A stigma on the meso- and 
metathorax and on abdominal segments 
2-8. Head wide, no eyes. The body 
sometimes covered with thick spines. Hehinophthiriida. 

Of these families, the Pediculidee comprise the sub-families Pedicinine 
and Pediculine, the latter composed of the genera Pediculus and Phthirus 
(Phihirius). Hamatopinide includes sub-families H ematopinine (genus - 
Hoematopinus), Linognathine (genera Polyplax, Hoplopleura, Linognathus, 
Hamodipsus and Solenopotes), and Euhamatopinine (genera Huhaemato- 
pinus and Hematopinoides). Echinophthiriide contains three aberrant 
genera found on seals and walruses. No species 1s definitely recorded 
by Dalla Torre as Indian. (F. M. H;) 


Fie, 536—B ELOSTOMA AN D 


A Toap. (R. C. Wo D.) 


EN UND HX. 


In this index, every plant occurs under the generic name, in italics, and 
under familiar common names, English or Indian. For instance, wheat 
occurs under “‘ Triticum” and “‘ Wheat;’’ Castor under “‘ Castor,” “‘Endi ” 
and “* Ricinus.”’ For those who do not know English or Indian names, the 
generic name should be sought ; for workers in India, the common English 
or Indian name is the easiest to find, if there is one, but no attemptis made 
to list the multitudinous Indian names of the whole continent. The index 
js meant to assist (1) the collector who finds an insect on mango or bér ; 
(2) the scientist outside India, who wants to look up the insects found on 
Mangifera. Bothare advised also to consult the plant index of Indian 
Insect Pests. 


du 


Abutilon, 453, 456. 

Acacia, 317, 377, 411, 460, 461, 474, 497, 534, 536, 731, 758. 
Achyranthes, 588. 

Aigle, 331, 360, 422, 733. 

Agathi, Sesbania. 

Ak, Calotropis. 

Albizzia, 372, 411, 497. 

Alfalfa, Lucerne. 

Alnus, 732. 

Alstonia, 742. 

Alternanthera, 520. 

Alysicarpus, 427. 

Amaltas, Cassia. 

Amarantus, 344, 385, 516. 

Amaryllis, 445. 

Ammannia, 361. 

Anacardium, 544. 

| 344, 446, 448, 451, 461, 510, 516, 675, 706, 747. 
Anisomeles, 519, 537. 

Anona, 513. 


Apple, 748. 
Apa 119, 331, 438, 534. 
Areca, 380. 


Argemone, 413. 
Arhar, Cajanus. 
Aristolochia, 423. — 
Artocarpus, 461, 756. 
Arjun, Term mala, 
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Asan, Terminalia. 
Avena, Oats. 
Averrhoa, 528. 


Babul, Acacia. 
Bael, gle. 

Bajra, Pennisetum. 
Bair, Zizyphus. 

' Balsam, 389, 469. ee 
ee 316, 377, 391, 409, 415, 431, 432; 520, 5380, 728, 752, 758. 
Banyan, Ficus. 7h 
Barley, 748. 

Bassia, 497. 
Bow hinia, 219, 537, 538, 739. 
goncasa,. TAT. 

ver, Zizyphus. 

Beta, 469. 

Betel, Piper. 

Bhindi, Hibiscus. 

Bilimbi, Averrhoa. 

Blumea, 413, 447, 457, 461, 520, 587. 
Bombax, 378, 447, 535, 692, 752. 
Brassica, Cabbage. Mustard. 
Brinjal, Solanum. 

Butea, 389, 427, 468, 500. 


C 


Cabbage, 418, 452,519, 520, 538, 676. 

Cacao, 517. 

Cajanus, 230, 219, 350, 427, 472, 527, 528, 530, 622, 683, 684, 731, 747, 
Calotropis, 84, 399, 377, 385, 407, 408, 685, 747, 
Camellia, Tea. 

Canna, 431. 

Capparis, 417, 418. 

Carambola, Averrhoa. 

Cardamom, 427. 

Carissa, 468. 

Carthamus, 447, 452, 747. 

Cassia, 418, 493, 509, 514, 531, 540, 127, 731. 

Castor, 415, 438, 452, 461, 498, 499, 500, 517, 533, 738, 752. 


Casuarina, 378. 

Cedrela, 514. 

Cedrus, 514. 

Celsia, 388, 528. 

Cholum, Andropogon. 

Cicer, 350,453. | 

Cinchona, 706. 

Cinnamomea. 743. 

Citrullus, -309, 345, 378, 452, 518 528, 639 

Citrus, 331, 378, 499, 436 493, 632, 747, 751, 756. 760 
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Clerodendron, 537, 693. 

Cocoanut, 256, 390: 
‘Cocos, 256, 390, 
Coffee, 84, 250, 378, 380, 496, 675, 756. 

Combretum, ATA. 

Convolvulus, 367. 

Corchorus, Jute. 

Cordia, “468. 
Coreopsis, 447. 

Corn, Maize. 

forton: 86, 296, 330, 380, 384, 388, 389, 450, 453, 455, 456, 514, 517 

534, 536, 537, 688, 691, 692, 733, 747, TBS, 759, ; 
Cowpea, Vigna. 

Crinum, 255. 

Crotalaria, 428, 439, 452, 463, 515, 530, vem 

Croton, 520, 761. 

Croton-oil plant, A448, 

Cryptolepts, 408. 

Cucumis, 309, 345, 362, 378, 438, 452, 518, 528, 632, 639. 
Cucurbita, 309, 345, 362, 378, 438, 452, 518, 528, 632, 685, yes 
Curcuma, 309,432. 

Custard- -Apple. (5138, 

Cyamopsis, 534. 

Cycas, 427. 

‘Cynodon, 448. 

D. 

Dalbergia, 378, 387, 454, 457, 530, 534, 538, 539, 682, 732. 
Deodar, Cedrus. 

Dhak, Butea. . * 

Dicliptera, 343. 

Dillenia, 518.. 

Dioscorea, 355. 

Diospyros, 748. 

Dolichos, 350, 467, 672, 684, 
-Dregea, 408. 

Dubh, Cynodon. 


BK. 
EKlettaria, 427. 
Eleusine, 461, 510. 
Endi, Ricinus. 
Hroum, 350. 
Erythrina, 471, 518, 682. 
Eugenia, 450, 498, 751. 
Euphorbia, 452, 512, 687. 

=. 


Fenugreek, 520. 
Feronia, 531. 
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- Ficus, 174, 175, 378, 388, 408, 411, 412, 415, 447, 449, 454, 460, 461, 
474, 484, 518, 533, 538, 540, 725, 727,.742, 752, 762. 
Flacourtia, 415. 


G. 


Garuga, 517, 743, 
Geranium, 453. 

Ginger, 432. 

Glycine, 450, 517. 
Gmelina, 449. 
Gossyprum, Cotton. 
Gourd, Cucurbita, 
Gram, Cicer. 

Grape Vine, 359, 469, 517. 
Groundnut, Arachis. 
Guar, Cyamopsis. 

Guava, 331, 378, 428, 452, 759, 760. 
Guinea Grass, Panicum. 
Guizotia, 447. 

Gular, Ficus. 

Gurur, Polypodium. 


Helianthus, 519, 537. 

Heliotropium, 426. 

Heynea, 427. 

oe 389, 415, 450, 456, 461, 517, 533, 684, 691, 692, 725, 747, 758, 
Holarrhena, 517. 

Hollyhock, 517. 

Hoya, 752. 


fs 


Indigo, 338, 426, 448, 451, 452, 457, 509, 743, 752. 
Ipomea, 367, 386, 434, 448, 454, 467, 520. | 


J. 
Jack-fruit, 461. 
Jainti, 419, 496. 
Jambora, 474. 
Jamun, 450, 498. 
Jasminum, 518. 
Jatropha, 673. 
Jhau, Tamarin. 
Juar, Andropogon. 
Justicia, 413, 


Jute, 331, 387, 447, 453, 456, 672, 675. 


K, Fi 
Khair, 378, 411. 


Kicksia, 517, 
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Kulthia, Dolichos. 
Kusumb, Carthamus. 


Laburnum, Cassia. 
Lagerstremia, 480, 493. 
Lawsonia, 758. 
Lemon, Citrus. 
- Lentil, Lrvwm. 
Lepidium, 519. 
Litchi, 378, 385, 449, 454, 475, 493, 531. 
Lily, 445. 
Lime, Citrus. 
Linseed, 461. 
Loranthus, 418, 461, 762. 
Lucerne, 104, 385, 427, 453, 517, 533, 675, 676, 748. 


M 
Mahogany, 514. 
Maize, 385, 446, 448, 472, 475, 510, 514, 516, 535, 675, 728. 
Malachra, 453. 
Mangifera, Mango. 


Mango, 361, 378, 385, 389, 411, 449, 461, 481, 493, 500, 517, 534; 632, 


736, 743, 752, 756, 760, 762. 
Marua, Eleusine. 
M edicago, ‘Lucerne. 
Melilotus, 385, 676. 
Melon, Cucurbita, Cucumis. 
Mimusops, 514. 
Mint, 452. 
Mohwa, 497. 
Moringa, 520. 
Morus, 307. 
Moth, Dolichos. 
Mulberry, 307. 
Mung, 517. 
Musa, 390. 
Mustard, 165, 360, 538, 622, 676, 748. 


N 
Nephelium, Litchi, 500. 
Nerium, 408, 468, 475. 
Nicotiana, Tobacco. 
Niger Seed, 447. 
O 


Oats, 434. 

Ocimum, 447, 517, 693. 
Oleander, 408, 468, 475. 
Opium, 544. 

Opuntia, 759. 


IIL 


4) 


769, 
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Orange, Citrus. 
Oryza, Rice. 
Owalis, 426. 


Paddy, Rice. 

Pakur, Picus. 

Palas, Butea. 

Palm, 256, 390, 431, 504, 535, 760. 
Panicum, 448, 461, 639 
Papawer, 544. 

Passiflora, 415. 
Passionflower, 415. 

Pea, 350, 453, 469, 622. 
Peach, 632. 

Pear, 360. 

Pennisetum, 254, 461, 510, 516. 
Pentapetes, 684. 

Pepper, 761. 

Phaseolus, 451, 455, 467, 517, 519, 536. 
Phenix, 256, 390, 431, 504. 
Phyllanthus, 452. 

Physalis, 444. 

Pigeon Pea, Cajanus. 
Pipal, Ficus. 

Piper, 706, 752, 761. 
Pisum, Pea. 

Plantain, 390. 

Polygonum, 520. 
Polypodium, 540. 
Pomegranate, Punica. 
Poplar, 529, 748. 

Potato, 104, 460, 535, 756. 
Psidium, Guava. 

Psoralea, 422, 534, 538. 
Pumpkin, Cucurbita. 
Punica, 428, 514, 


Quisqualis, 449, 452. 


Radish, 747. 

Randia, 428. 

Rice, 87, 254, 256, 258, 346, 361. 36 
450, 451, 455, 456, 471. 493. 511 
737, 756. oe 

Ricinus, Castor. 

Rivea, 457. ‘ 


Rose, 219, 255, 461, 474, 497. 748. 75 
tubus, 436. » RIS, 497, 748, 751. 


4,395, 409, 410, 431, 432, 446, 448. 
512, 515, 516, 535, 581, 639, 673, 678. 
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Ss) 

Saccharum, Sugarcane, 511. 
Safflower, 447, 452. 

Sal, Shorea. 
Salix, 415. 
Salvadora, 419. 

Sandal, 378, 496. 
Sann, Crotalaria. 
Santalum, 378, 496. 
Schizandra, 520. 
Senji, 385. 
Sesamum, 467, 520, 630. 
Sesbania, 388, 419, 496. 
Shorea, 378, 480, 497, 498. 
Sida, 413, 453, 456, 518, 759. 
Sij, Euphorbia. 
Simul, 378, 447, 535. 
Singhara, 362. 
Siris, 372. 
Sissu, Dalbergia. 
Solanum, 104, 449, 457, 460, 513, 514, 518, 639, 693, 732, 
Soy-bean, 450, 517. 
Spinifex, 511. 
Spondias, 360. 
Stachytarpheta, 412. 

trobilanthus, 387, 415. 


171 


Sugarcane, 84, 119, 254, 359, 365, 385, 432, 448, 461 510, 511, 512, 514, 


687, 726, 727, 751, 752, 756. 
Sunflower, 119,, 519. 
Sweet-potato, Ipomeea. 


Tabernemontana, 518. 

Tamarind,;. 351, 411. 

Tamarix, 356, 534. 

Tea, 378, 395, 494, 503, 535, 536, 538, 541, 544, 627, 706, 738, 
Teak, 379, 458, 469, 495, 520. 

Tectona, Teak. 

Terminalia, 387, 437, 449, 460, 461, 462, 480, 498, 500, 503, 538. 
Thunbergva, 517. 

Til; 467, 520, 530. 

Tipari, 444. 

hehe. 84, 296, 444, 534, 687, 708, 752. 

Toon, 514. 

Trapa, 362. 

Trewia, 538. 

Trichosanthes, 380. 

Trigonella, 520. 

Triticum, Wheat. 

Tulsi, 517. 

Turmeric, 432, 544. 
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U 
Urjun, Terminalia. 

V 
Val, 350, 467. 
Vigna, 350, 427, 747. 
Vitis, 359, 361, 469, 517, 673. 

Ww e 
Waltheria, 453. 
Watermelon, 345, 452. 
Wheat, 119, 448, 639, 748. 
Willow, 536, 

Z 


Zea, Maize. 

Zingiber, 432. 

Zizyphus, 364, 377, 386, 427, 428, 459, 460, 461, 474, 480, 493, 497, 
533, 540, 732, 733. 

Zornia, 413, 426, 427. 


INDEX. 


In this index, two main objects are considered ; first the indexing of 
all genera, so that anyone getting an insect identified as say Dindymus 
concolor, can find where Dindymus should be placed ; second, topics dis- 
cussed In any detail, such as ‘‘Sex’’ or “‘Silk’’ are indexed, so that the 
interlude can be readily found. The index does not 20 beyond this, as 
the book is primarily an account of families in definite order, which can be 
readily found, and the possible index heads turning up in the text are of no 
Importance. Hvery family, sub-family and genus is indexed, but only for 
its systematic place and genera mentioned in interludes are not indexed, 
All sub-families have been omitted in cases where the next entry on the 
index is the genus from which the sub-family takes its name, and both have 
the same page reference. Thus of ‘‘Bostrychide, 313,’ ‘‘Bostrychine 316,”’ 
and **Bostrychus, 316,’’ the second has been struck out. All references are 


to pages if in Arabic numerals, to plate if in Roman figures. 


A 


Abidama, 734. 
Abisara, 415, 
Abreeus, 294. 
Acerus, 388. 


Acalyptrate Muscoids, 615. 


Acanthophorus, 372. 
Acanthaspis, 700 
Acanthalobus, 81. 
Acanthocoris, Ixxvi, 683. 
Acantholepis, 231. 
Acantholipes, 454. 
Acanthosoma, 679. 
Acanthopsyche, 493. 
Acara, 509. 
Acherontia, 467, xl. 
Achetide, 48. 
Achiline, 726. 
Achroia, 509. 
Acidaliine, 475. 
Acisoma, 129. 
Aclerda, 756. 
Aclybea, 287. 
Acontia, 450, xxxvii. 
Acreine, 415. 
Acrida, 812. 
Acridella, 832. 
Acridiid#, 47, 74. 


Acridium,74, 86, ii, iii, iv, V- 


Acrocercops, 537. 
Acroceride, 595. 
Acrops, 300. 
Acronyctine, 447. 
Acrotylus, 83. 
Actias, 477, 478. 
Aculeata, 184. 
Adeline, 540. 
Adephaga, 237, 259. 
Adisura, 445. 
Adoretus, 254. 
Aédes, 575. 

Aédine, 575. 
Aédeomyia, 575. 
Aegocera, 440, XXXIV. 
Aegesoma, 371. 
AMnictus, 228. 
ZZolesthes, 373. 
Aolothripide, 544. 
JEthalochroa, 69. 
Athaloptera, 159. 
ZEthriostoma, 311. 
Agabus, 275. 
Agaristide, 439. 
Agathia, 475. 
Agathodes, 518. 
Agonoscelis, Ixxiii. 676. 
Agria, 649. 


Agrilus, nD le 


Agriophora, 536. 
Agromyza, Ixvii. 
Agromyzide, 62], 
Agrotis, 445, xxxiv. 
Agrypnus, 332, 334. 
Akidoproctus, 111. 
Alaus, 333. 

Alcides, 383, 388. 
Aldrichia, 574. 
Aleurodes, Ixxxi, 748. 
Aleurodidex, 748. 
Alindria, 299. 
Allecula, 340, xxi. 
Allocotasia, Ixiii. 
Alphea, 488. 
Alphocoris, lxxii, 673, 
Altha, 499. 
Alucitide, 526. 
Alydine, 683. 
Amathusiine, 410. 
Amauropepla, 673. 
Amblispa, 364. 
Amblyopus, 303. 
Amblyrrhinus, 385. 
Ambulyx, 468. 
Ammophila, 208. 
Amphicrossus, 295, 297. 
Amphipsocus, 123. 
Ampulex, 207. 
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Amsacta, 435, 438. 
Amyna, 448. 
Amyotea, 676. 
Anacampsis, 213, 534. 
Anaglymma, 293. 
Anapheis, 418. 
Anarsia, 534, lvi. 
Anaxandra, 679. 
Ancylolomia, 511. 
Ancyrona, 300. 
Andrallus, 677. 
Andrena, 218. 
Anerastia,- 512, xlvii. 
Anisocheleomyia, 575. 
Anisodera, 364. 
Anisolabis, 53. 
Anisops, 716. 
Anisoneura, 450. 
Anobium, 318, 
Anomala, 254, xiv. 
Anopheles, 565 
Anoplocnemis, 682. 
Anoplura, 762. 
Antestia, Ixxiii, 675. 
Antheua, 472. 
Antherza, 477, xlii, xlili. 
Anthia, 265. 
Anthicus, 342. 
Anthicide, 342. 
Anthocoride, 705. 
Anthomyia, 641. 
Anthomyiide, 640. 
Anthophora, 217, 220, xiii, 
Anthracine, 597. 
Anthracophora, 258. 
Anthrenus, 311, xviii. 
Anthribide, 379, 
Anticyra, 472. 
Antigastra, 520, li. 
Antilochus, 691. 
Ant-lions, 147, 
Antonina, 759. 

Ants, 224. 

Aonidia, 760. 
Apanteles, 174, 180. 
Apatetica, 287. 
Aphalorine, 743. 
Aphanus, 688. 
Aphelinus, 174. 
Aphid, 743. 
Aphidius, 179, 
Aphiochexta, Ixy, 609. 
Aphis, 180. 746. 
Aphneus, 429. 
Aphodius, 250. 
Aphrophorine, 733. 
Apidae, 217. 
Apioceride, 600. 
Apiomerine, 701. 
Apion, 387. 

Apis, 209, 221. 
Apistomyia, 577. 
Apobletus, 293. 


INDEX, 


Apoderus, 208, 387, xxvii. 
Apogonia, 254. 
Apomecyna, 376, xxv. 
Aporus, 199. 

Appias, 418. 
Appolonius, 688. 
Aptera, 43. 
Apterogyna, 186. 
Apterygida, 53. 
Aquatic Insects, 131. 
Arachnomimus, 105. 
Aradide, 692. 
Arecerus, 380, xxvil. 
Arbela, 493, xlv. 
Arbelide, 493. 

Arcte, 453. 

Arctiidae, 434. 
Arctiine, 437. 
Arctocoris, 673. 
Argina, 463, xxxix. 
Argyrameeba, Ixiii. 598. 
Arista, 547. 
Artemidorus, 688. 
Arthroceratine. 592 
Asava, 300. 
Ascalaphine, 150. 
Ascalaphus, 15]. 
Aschistus, lxxvi, 
Asclera, 343. 

Asilide, 602. 

Asiline, 604. 

Asopine, 676. 

Asopus, 677. 
Aspidiotus, 174, 760. 
Aspidolopha, 357. 
Aspidomorpha, 366. 
Aspilocoryphus, 687, 
Aspongopus, Ixxiv, 678. 
Aschiza, 548. 

Aspistes, 587. 
Assmuthia, 45, 
Astata, 201, x. 
Asteia, 624. 
Asterolecanium, 758. 
Astycus, 384. 

Asura, 437. 
Atactogaster, 386, 
Atella, 415. 

Ateuchus, 248. 
Athalia, 165, ix, 
Athyreus, 25]. 

Atlas Moth, 479. 
Atmetonychus, 384, xxvii. 
Atractocerus, 327. ° 
Atractomorpha, 79, 85. 
Atropos, 122, ~ 
Attacus, 477, xliy. 
Attagenus, 31]. 
Attelabus, 387. 
Attraction to light, 106, 
Audinetia, Ixxiv, 677. 
Augasmus, 294. 
Aulacochilus, 303. 


Aulacophora, 352, 362. 
Aulacus, 181. 
Aularches, 83. 

Aulis, 308, Ixxxiv. 
Aulonogyrus, 281. 
Autocrates, 347. 
Azanus, 429. 
Azygophleps, 496. 


B 


Babula, 493. 
Baccha, Ixy. 
Badamia, 431. 
Bagrada, Ixxili. 675. 
Balaninus, 383, 388, xxvii, 
Balioptera, Ixvii. 
Banksiella, 575. 
Baryrhynchus, 393. 
Basilianus, 243. 
Batocera, 368, 375. 
Bdellolarynx, 647. 
Bed-bugs, 702. 
Bees, 217. 

Beetles, 234. 
Belenois, 418. 
Belionota, 331. 
Belippa, 501, xxviii. 
Belostomide, 713. 
Belostoma, 714, 764. 
Bembex, 183, 209. 
Berosus, 285. 
Berresa, 448. 
Berytide, 685. 
Bibio, 587. 
Bibionide, 586. 
Bidessus, 275. 
Binsitta, 53% 
Biston, 473. 

Biting Muscide, 645. 
Bittacus, 146, 
Blaps, 337, xxi. 
Blastobasis, 536. 
Blastophaga, 176. 
Blatta, 60. 
Blattide, 47, 56, 181. 
Blepharoceride, 576. 
Blissus, 687. 688. 
Blister beetles, 343. 
Blood-sucking insects, 659. 
Blosyrus, 384, 
Blue-bottles, 645. 
Blues, 423. 
Boarmiine, 474, 
Bocchoris, 517. 
Bolboceras, 251. 
Bolitophila, 584, 
Bombus, 221, xiii. 
Bombycide, 483. 
Bombyliide, 597. 
Bombylius, Ixiii, 597, 
Bombyx, 484, xxviii, 
Borboride, 621, 


Borolia, 446. 
Bostrichopsis, 316. 
Bostrichide, 313. 
Bostrychus, 314, 316. 
Bot-flies, 651. 
Botrideres, 298. 
Botyodes, 517. 
Brachinus, 265. 
Brachmia, 533. 
Brachyaspistes, 380. 
Brachycera, 548. 
Brachyderine , 384. 
Brachydeutera, Ixvii, 625. 
Brachygaster, 285. 
Brachypelta, Ixxiii, 674. 
Brachyplatys, 1xxii, 671. 
Brachyscelinez, 757. 
Brachytry pes, 103. 
Bracon, 178. 
Braconide, 178. 
Brahmea, 478, 490. 
Brahmeide 490. 
Bramina, 254. ™ 
Braula, 657. 
Braulide, 657. 
Brenthia, 538. 
Brenthide, 392. 
Brevirhynchus, 575. 
Brixioides, 726. 
Bruchus, 348. 
Bruchide, 348. 
Brumus, 308. 

Bugs, 665. 
Buprestide, 328. 
Butterflies, 397, 401. 
Buxia, 725. | 
Byrrhide, 311. 
Byrrhinus, 312. 
Bythoscopine, 736. 


C 


Caccophilus, 249. 
Caddis flies, 157. 
Calandra, 174, 390. 
Caligula, 477. 
Caliscelis, 727. 
Callidulide, 504. 
Callimerus, 326. 
Callipareius, 393. 
Calliphora, 643. 
Callirhipis, 328. 
Callirhytis, 166. 
Callispa, 364. 
Callitettix, 734. 
Callopistria, 448. 
Callyna, 450. 
Calobata, Ixvii. 631. 
Calochroa, 261. 
Caloclytus, 375. 
Calocoris, 706, 707. 
Calodexia, Ixviil. 
Calodromus, 393. 


INDEX, 


Calopepla, 367, xxiv. 
Calosoma, 265, xvi. 
Calymmia, 467. 


Calyptrate Muscoids, 619, 
641. 


Campodea, 43. 
Campodeide, 43. 
Camponotine, 230. 


Camponotus, 224, 225, 233. 


Campsosternus, 334, 
Camptosomes, 355. 
Campylotes, 502. 
Cantao, Ixxii. 672. 
Cantharide, 343. 
Cantharis, 344, 346. 
Canthecona, Ixxiv, 677. 
Canthydrus, 275. 
Caprinia, 517. 
Capside, 705. 
Capsine, 707. 

Capys, 685. 
Carabide, 262. 
Carabus, 265. 
Caradrina, 448. 
Cardiophorus, 334. 
Carea, 450. 
Carpophilus, 295. 
Caryoborus, 351. 
Cassida, 367. 
Cassidine, 366. 
Castalius, 428. 
Catacanthus, Ixxiv. 676. 
Catantops, 85. 
Cataulacus, 226, 229. 
Catephia, 454, xxvili. 
Catharsius, 249. 
Catochrysops, 427, xxxil. 
Catocaline, 450. 
Catopsilia, 416, 418. 
Cazira, 676. 
Cebrionide, 334. 
Cecidomyia, Ix, 580. 
Cecidomyiide, 580. 
Cecidopsylla, 743, 
Celama, 436. 

Cellia, 574. 
Celyphide, 628 
Celyphus, Ixvii. 628. 
Centrotine, 731. 
Centrotypus, 731. 
Cephalomyia, 653. 
Cephonodes, 468. 
Cerambycide, 368. 
Cerambycine, 370. 


Ceratina, 202, 209, 220, xiii. 


Ceratitis, 632. 
Ceratocombide, 702. 
Ceratoderus, 267. 
Ceratophy llus, Ixxi, 659. 
Ceratophyus, 251. 
Ceratopogon, Ixx, 562. 
Cerceris, 209. 
Cercidocerus, 391. 
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Cercotmetus, 711, 
Cercopide 732 
Cereyon, 286. 
Cerobates, 393. 
Cerococeus, 758. 
Ceropalide, 194. 
Ceroplastes, 759. 
Ceroplatine. 586. 
Ceropria, 339, xxi. 
Ceryx, 434, xxxiv. 
Cethosia, 415. 
Cetoniine, 256. 
Céylonia, 748. 
Cherocampa, 469, 
Chetocnema, 361. 
Chetopisthes, 251, 271. 
Chaitophorus, 747. 
Chalcide, 172. 
Chalets, 1725177. 
Chalia, 493. 

Chapra, 431. 
Charaxes, 410. 
Chariclea, 446. 
Chauliodes, 144. 
Cheirochela, 712. 
Chelisoches, 53, 
Chelonarium, 311. 
Chilades, 426. 

Chilo, 172, 180, 510, xlvii. 
Chilocoris, 674. 
Chilocorus, 304, 305, 308. 
Chiloloba, 258. 
Chilomenes, 174, 307, xvii. 
Chionema, 437, 
Chionaspis, 760. 
Chirida, 367. 
Chironomide, 560. 
Chironomus, lx, 561. 
Chlamyne, 355. 
Chlamys, 358. 
Chlidanotinge, 537 
Chleenius, xvi. 
Chleobora, 83. 
Chloridea, 444, xxviii, 
Chloridolum, 374. 
Chloropide. 626. 
Chlorops, Ixvi, 626. 
Chlumetia, 450. 
Choleva, 287. 
Chonocephalus, 609, 
Choreetypus, 82. 
Chortophila, 641. 
Chrotogonus, 78, 79, 85. 
Chrysaugine, 515 
Chryside, 182. 
Chrysis, 183, 212. 
Chrysochroa, 330. 
Chrysocoris, ‘Ixxii, 673, 
Chrysoconops, 575. 
Chrysogona, 188. 
Chrysomela, 360. 
Chrysomelide, 351. 
Chrysomeline, 359. 
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Chrysopa, 154. 
Chrysops, Ixii, 595, 
Cicadide, 718. 
Cicindela, 259, 261, xvi. 
Cicindelida, 259. 
Cimex, 703. 
Yimicide, 702. 
Cioide, 313. 
Cionus, 388. 
Cirphis, 446. 
Cirrhochrista, 512. 
Cissites, 221, 346. 
Cistelidae, 339. 
Cistela, 340. 
Cistelomorpha, 340. 
Cixiine, 725. 
Cladognathus, 245. 
Clania, 468. 

Clanis, 308, ]xxxi. 
Classification, 10. 
Clavigerini, 288. 
Clavigralla, xxv, 683. 
Cleonine, 385. 
Cleptine, 183. 
Cleride, 325. 
Cletomorpha, Ixxvi, 683. 
Cletus, Ixxvi, 683. 
Cletthara, 450. 
Clidogastrine, 640. 
Clinidium, 272. 
Clinteria, 258. 
Clitea, 360. 
Clitellaria, Ixi. 
Clitellarine, 591. 
Clivina, 266. 
Clovia, 732. 
Clypeodytus, 275. 
Clytra, 356. 
Clytrine, 355. 
Clytus, 375. 
Cnaphalocrocis, 516. 
Cobboldia, 653. 
Coccide, 752. 
Coccine, 759. 
Coccinella, 306, 
Coccinellide, 303. 
Coccinellini, 306. 
Coccus, 759. 
Cockroaches, 56. 


: 
Cocoon, emergence from. 


481. 
Cecilius, 123. 
Ceelioxys, 220. 
Ceelosterna, 369, 375. 
Ceenosia, 641. 
Colaspoides, 359. 
Colasposoma, 359. 
Colaspis, 359. 
Coleoptera, 234. 
Coletis, 419. 
Colias, 418. 
Collembola, 46. 
Colletide, 216, 
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Colletes,§ 217. 
Collyris, 261, xvi. 
Colobaspis, 357. 
Colobathristina, 688. 
Colobicus, 298. 
Colpocephalum, 111. 
Coluocera, 298. 
Colydide, 298. 
Compsogene, 467. 
Coniopterygine, 156. 
Conocephalus, 96. 
Conopide, 620. 
Conopomorpha, 537. 
Conops, Ixy. 
Conorhinus, 700. 
Copelatus, 275. 
Cophogryllus, 104. 
Copostigma, 123. 
Coppers, 423. 
Copris, 249. 
Copromorphine, 536. 
Coptocephala, 358. 
Coptocycla, 367, xxiv. 
Coptorhina, 249. 
Coptosoma, Ixxii, 672. 
Coptotettix, 81. 
Coranus, 701. 
Cordyluride, 638. 
Cordylurine, 640. 
Coreidee, 679. 
Coreinee, 682. 
Corethra, 575. 
Corixa, 716. 
Corixide, 716. 
Corixogrylius, 105. 
Corizus, Ixxvi, 684. 
Corticaria, 298. 
Corydalis, 144. 
Corydia, 61. 
Corylophida, 292. 
Corynetes, 326. 
Corynodes, 359. 
Corythroderus, 271. 
Cosmophila, 453, xxxvi. 
Cosmopolitan Insects, 62. 
Cosmopsaltria, 718, 
Cosmoscarta, 734. 
Cossidee, 494. 
Cossus, 495. 

Cossy phodide., 297. 
Cossy phodinus, 271, 298. 
Cossyphus, 339, xxi. 
Crabro, 187, 209. 
Crambus, 510. 
Creatonotus, 438. 
Cremastogaster, 226. 228 
Creoboter, 69, 
Crescentius, 702. 
Crickets, 97, 

Cricula, 177, 477, 481. 
Crioceris, 354, 355. 
Criotettix, 8]. 
Crocidolomia, 519, 


Crocisa, 220, xiil. 

Crossocosmia, 651. 

Cruciferous Leat-miner, 
622. 

Crypsithyris, 539. 

Cryptine, 178. 

Cryptocephalus, 356. 

Cryptocerata, 709. 

Cryptochetum, 623. 

Cryptophagide, 302. 

Cryptophlebia, 531, xxviii. 

Cryptostomes, 363. 

Cryptorhynchus, 389. 

Ctenipocoris, 713. 

Ctenopsylla, Ixxi, 659. 

Cuckoo-wasps, 182. 

Cucujidee, 300. 

Cucujus, 301. 

Cuculiine, 447. 

Culex, lx. 574. 

Culicada, 574. 

Culicidee, 564. 

Curculionidae, 380. 

Curetis, 429. 

Curtonotum, 624. 

Cyana, 437. 

Cyaniris, 429. 

Cybister, 273, 275. 

Cyclica, 358. 

Cyclonotum, 286. 

Cyclopelta, Ixxiv, 678. 

Cyclopodia, Ixix, 657. 

Cyclorhapha, 545. 

Cyclorhapha aschiza, 610. 

Cyclorhapha schizophora, 
614. 

Cydnocoris. 701. 

Cydnus, ]xxiii, 674. 

Cylas, 386, xxvi. 

Cymatophoride, 469. 

Cyminz, 687. 

Cymus, 687. 

Cynipide, 166. 

Cynomyia, 649. 

Cypturus, 293. 

Cyrestis, 411. 

Cyrtacanthacris, 79, 86, vi. 

Cyrtidee, 595. 

Cyrtotrachelus, 391. 

Cyrtoxipha, 105. 


D 


Dactylopius, Ixxxii, 688, 
758. 

Dacus, Ixvi, 632. 

Dalader, 682. 

Danais, 405, 406, 407. 503. 

Daphnis, 464, 468. 

Darthula, 732 

Dascillida, 327. 

Dastarcus, 298. 

Dasychira, 460, xxxix, 


Dasypogonine, 604. 
Dasyses, 540. 


Deceptive Colouring, 90. 


Dejeania, 254. 
Deilephila, 468. 
Deiphobe, 67. 
Delias, 418. 
Delphax, 728 
Deltocephalus, 738. 
Deltoidine, 457. 
Demodocus, 87. 
Demonax, 375. 
Demoticus, Ixviti. 
Dendrocellus, 265. 
Depressaria, 533. 
Derbine, 726. 
Derepteryx, Ixxvi. 
Dermatinus, 691. 
Dermestide, 310. 
Dermestes, 310. 
Derocrania, 260. 
Derolus, 373. 
Derospherus, 339. 
Desmidophorus, 389. 
Desvoidea, 574. 
Deudorix, 429. 
Deuterocopus, 528. 
Diacamma, 228. 
Diacrisia, 437, xxxv. 
Diacrotricha, 528. 
Diaphanes, 323. 
Diaphorocoris, 713. 
Diapromorpha, 357. 
Diasemia, 520. 
Diaspis, 1xxxii, 760. 
Diabelocelus, 285. 
Dichocrocis, 517, |. 
Dichoptera, 725. 
Dichromia, 458. 
Dicranocephalus, 257. 
Dicranoncus, Xvi. 
Dicronychide, 334. 
Dicronychus, 334. 


Dictyophara, 208, 725. 


Dielis, 193. 
Dieuches, 689. 
Digama, 463. 
DiJar, 153. 
Dilinia, 474. 
Dilophus, 587. 
Dinarthrodes, 159. 
Dinarthrella, 159. 
Dinarthrum, 159. 
Dineutes, 280. 
Dinidorine, 678. 
Dinoderus, 316. 
Dinomachus, 688. 
Dinopterus, 288. 
Diopside, 629. 
Diopsis, !xvil. 
Diorthus, 373. 
Diplatys, 51, 53. 
Diplonema, 558. 
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Dipseudopsis, 159. 
Diptera, 545. 
Dirades, 491. 
Disphinctus, 707. 
Disteniini, 370. 
Dittopternis, 83. 
Dixa, 576. 

Dixide, 576. 
Docophorus, 111. 
Dodecatoma, 325. 
Dodona, 415. 
Dolichoderinz, 229. 
Dolichopodide, 606. 
Doliema, 341, xxi. 
Dolichopus, 606. 
Dolycoris, Ixxili, 675. 
Donacia, 354. 
Dorcus, 245. 
Dorylus, 226, 227. 
Dorysthenes, 371. 
Downesia, 364. 
Dragon flies, 125. 
Drepanide, 504. 
Drepanocerus, 250. 
Detling, 323, 325; 
Dromicidia, 261. 
Drona, 726. 
Drosophila, xvi, 624. 
Drosophilide, 623. 
Dryinide, 170. 
Dryinus, 170. 
Dryomyza, 637. 
Dryops, 313. 
Dulichius, 227, 683. 
Dung-Rollers, 245. 
Duomitus, 495. 
Duration of Life, 140. 
Dynastine, 255. 
Dyscritina, 51. 
Dysdercus, Ixxvii, 691, 701. 
Dysodia, 505. 
Dytiscide, 272. 


EB 


Farias, 180, 456, xxXviil. 
Karwigs, 49. 

Eblisia, 293. 
Echinophthiriide, 764. 
Ectinohoplia, 2438. 
Ectopsocus, 128. 
Ectrichodiine, 700. 
Ectrychotes, 700. 
Elachistine, 536. 
Elachyptera, 627. 
Elasmoscelis, 726. 
Elasmostethus, Ixxiv, 679. 
Elateride, 332. 

Elis, 192. 

Ellampus, 185. 

Embia, 114. 

Embiide, 112. 
Emenadia, 343, XX1. 


(cue 


Kmergerice from the co- 


coon, 481. 
Emesine, 698. °< . 
Empide, 605. | 
Empidideicus, 600. 
Empoasca, 738.: 
Empusa, 69. 
Endomychide, 309. 
Endotrichine, 515. 
Enithares, 716. 
Eosearta, 734. 
Epacromia, 79, 83. 
Ephemeride, 137. 
Ephestia, 512, 513. 
Ephialtes, 178. 
Ephydride, 625. 
Epiblemine, 530. 
Epibomius, 688. 
Epicopia, 491. 
Epicrocis, 514. 
Epiechinus, 294. 
Epierus, 293. 
Epilachna, 308. 
Epipaschiine, 515. 
Epiplemine, 491. 
Episcapha, 303. 
Episomus, 384, xxvii. 
Epistictia, 367. 
Epithectis, 535. 
Epyris, 169. 
Erastriine, 455. 
Eremnine, 385. 
Eremoplana, 69. 
Eretes, 274, 275, 277. 
Eretmocera, 537. 
Ereunetis, 540. 
Ergolis, 415, xxxi. 
Eri, 479. 

Erictus, 298. 
Eriochiton, 753. 
Eriococcine, 757. 
Eristalis, Ixv. 611. 
Erotylide, 302. 
Erotyline, 303. 
Erthesina, Ixxii. 
Erycinide, 415. 
Krygia, 454. 
Estigena, 498, xli. 
Estigmene, 438. 
Etiella, 515. 
Eublemma, 456, xxxvl, 

2O-- Qiahl 
Eucelis, 530, lv. 
Eucheirus, 257. 
Euchroeus, 183. 
Euchromia, 434, xxxiv. 
Eucnemide, 331. 
Kucorynus, 380. 
Eucosma, 530. 
Eudema, xvi. 
Suhematopinus, 764, 
Kulyes, 68. 
EKumastacing, 82. 
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Eumelea, 475, xli. 


Eumenes, 183, 187, 210, x. 


Eumenidee, 210 
Eumicrus, 287. 
Eumolpine, 358. 
Eumorphus, 309. 
Euplatyrhopalus, 267. 
Euplexoptera, 48. 
Kuplexia, 447. 
Kuploea, 407. 
Eupoda, 354. 
Eupristina, 174. 
Euproctis, 461, xxxix, 
Eupsalis, 393. 
Eupterote, 470. 
Eupterotide, 470. 
Europs, 300. 
Eurybrachys, 725. 
Eurydema, Ixxiv, Gye 
Kuryoda, 261. 
Eusarcocoris, Ixxiii, 675. 
Euscotia, 446. 
Eusemia, 440. 
Eutelia, 449. 
Euthalia, 411, xxx. 
Euxoa, 445. 
Euzophera, 513, xlviii. 
Evania, 180. 
Evaniide, 180. 
Everes, 429. 
Exelastis, 527, liii. 
Exema, 358. 
Exoplectrini, 306. 
Exoprosopa, |xiil. 
Exsula, 440. 

Eye-fly, 627. 


F 


Faunal zones, 23. 
Filodes, 517. 
Fiorinia, 760. 
Flatine, 727. 
Fleas, 657. 

Flies, 545. 


Flowers, Insects and, 222, 


Flower insects, 28. 
Focilline, 457. 

Food and Habitat, 27. 
Food, Insects as, 276. 
Forcipula, 53. 
Forficula, 50. 
Forficulide, 47, 49. 
Formicaleo, 149. 
Formicide, 224. 
Formicomus, 342, xxi. 
Freshwater Insects, 33. 
Frontal lunule, 547. 
Fruit-flies, 633. 

Fruit insects, 28. 
Fulgoride, 722. 
Fulgorine, 724. 


INDEX, 


G 


Galerucella, 362, xxii. 
Galerucine, 360. 
Galerucini, 361. 
Galgulide, 709. 
talleria, 509, 510. 
Gall Insects, 29. 
Gallobellicus, 708. 
Galls, 167. 
Gangara, 429. 
Gargara, 732. 
Gasteruption, 181. 
Gastrophilus, 652. 
Gastroxides, Ixii. 
Gelastorrhinus, 82. 
Gelechia, 180, 534. 
Geocorine, 687. 
Geocoris, 688. 
Geometride, 473. 
Geometrine, 475. 
Geomyzide, 623. 
Georysside, 312. 
Georyssus, 312. 
Geotomus, 674. 
Geotrupes, 251. 
Geron, 598. 
Gerris, 695. 
Gestroiella, 713. 
Gibbium, 318. 
Glenea, 376. 
Glenurus, 153. 
Globaria, 285. 
Glossina, 646. 
Glottula, 445. 
Glycyphana, 258. 


Glyphodes, xxviii, 518. 


Gnathoneus, 294. 
Gnorimoschema, 534. 
Gonatopus, 170. 
Gongylus, 65, 69, 70. 
Goniagnathus, 738. 
Goniocotes, 11]. 
Goniodes, 111. 
Goniogaster, 174. 
Gonophora, 363. 
Gorytes, 208. 
Graber’s organ, 594. 
Grabhamia, 574. 
Gracilaria, 538, 
Gracilariine, 537. 
Grammodes, 451, 
Graphosomatine, 673. 
Graptostethus, 687. 
Grasshoppers, 74, 91. 
Greenia, 221]. . 
Gregariousness, 123, 
Grylacrine, 95. 
Gryllide, 47, 97, 
Grylline, 102. 
Gryllodes, 104, 
Gryllotaipa, 100, 
Gryllus, 104, 


Gryncharina, 300. 
Gymnogryllus, 104. 
Gymnopfeurus, 248, 
Gynandrophthalma, 357 
Gyponine, 737. 
Gyrinide, 280. 
Gyrinus, 28]. 

Gyropus, 111. 


H, 


Habit, Instinct and, 2. 
Hadena, 446. 
Hadronotus, 169. 
Hematobia, 6438. 
Hematomyzus, 763. 
Heematopinodes, 763. 
Hematopinus, Ixxx, 762. 
Hematopota, Ixii, 595. 
Heemodipsus, 764. 
Heemonia, 354. 
Hairstreaks, 423. 
Halacritus, 294. 
Halictus, 209, 218. 
Haliplide, 279. 
Haliplus, 279, xvis 
Halobates, 695. 
Haltica, 361, 677. 
Halticus, 708. 
Halyomorpha, Ixxiii. 
Halys, Ixxiii, 675. 
Hammatorhina, 577. 
Hamodes, 454. 
Hapalochrus, 325. 
Haplosonyx, 362. 
Harmatella, 324. 
Harpactor, 701. 
Harpaline, 264. 
Hawkmoths, 464. 
Head-louse, 762. 
Hebride, 693. 
Hebrus, 693. 
Hecalus, 737. 
Hectarthrum, 301. 
Hedychridium, 183, 
Hedychrum, 183. 
Heleocoris, 713. 
Helicomitus, 150. 
Heliocopris, 246, 249, 
Helomyza, 636. 
Helomyzide, 636 
Helopeltis, 706. 
Helophilus, Ixy. 
Helophorine, 285, 
Helota, 302. 
Helotide, 302. 
Hellula, 519. 
Hemerobiide, 146, 
Hemerobiine, 153. 
Hemichionaspis, 762, 
Hemicordulia, 125, 
Hemiops, 334. 
Hemiptera, 665, 


Henicocephalide, 696. 
Henicocephalus, 696. 
Henleya, 80. 
Hepialide, 541. 
Heptodonta, 261. 
Heriades, 220. 
Herse, 467. 
Hesperiide, 429. 
Heteracris, 87. 
Heterarthron, 316. 
Heteraspis, 359. 
Heterocera, 432. 
Heteroceride, 312. 
Heterocerus, 312. 
Heterochetula, 69. 
Heteroderes, 334. 
Heterogamia, 61. 
Heterogastrinz, 688. 
Heterographis, 513. 
Heteromera, 238, 334. 
Heteroneuride, 638. 
Heteroptera, 667. 
Heteropternis, 83. 
Heterorrhina, 257. 
Heterusia, 503. 
Hexarthrius, 245. 
Hierodula, 64, 69. 
Hieroglyphus, 87, vii. 
Hiljara, 606. 
Hilda, 727. 
Himatismus, 337. 
Hippobosca, lxix, Ixx, 655. 
Hippoboscide, 654. 
Hippoboscine, 656. 
Hippotion, 469. 
Hirmoneura, 597. 
Hispa, 363. 
Hister, 293. 
Histeride, 292. 
Hodotermes, 120. 
Holcomyrmex, 226, 229. 
Holochlora, 92. 
Hololepta, 293, 294. 
Hoioparamecus, 298. 
Holoptiline, 698. 
Holoptilus, 698. 
Holopyga, 183. 
Holosus, 289. 
Holotricha, 254. 
Homaloblemmus, 104. 
Homalomyia, 641. 
Homeeocerus, Ixxvi, 
680, 682. 
Homoptera, 452, xxxiv, 717. 
Hoplasoma, 362. 
Hoplia, 253. 
Hoplionota, 367. _ 
Hoplistodera, Ix xiil. 
Hopiopieura, 764. 
Hoplosternus, 254. 
Hotea, Ixxii, 673. 
House-flies, 642. 
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How Insects protect: 
themselves, 521. 
Hyblea, 458. 
Hybos, 605. 
Hybosorus, 251. 
Hydaticus, 275. 
Hydrobiine, 285. 
Hydrocampine, 515. 
Hydrocanthus, 275. 
Hydrocoptus, 275. 
Hydrometra, 695. 
Hydrometride, 694, 
Hydromyzine, 640. 
Hydrophilide, 283. 
Hydrophilus, 283, 284. 
Hydroporus, 275. 
Hydropsyche, 159. 
Hydrovatus, 275. 
Hydrosus, 285. 
Hyelopsis, 455. 
Hylesini, 395. 
Hylobeenus, 342. 
Hylobiine, 386. 
Hylodes, 454. 
Hylophilus, 342. 
Hymenoptera, 161. 
Hymenopus, 68. 
Hymetes, 358. 
Hyosiola, 536. 
Hypatima, 536. 
Hypena, 458. 
Hypenine, 457. 
Hypera, 383, 385. 
Hyperalonia, 206, 599. 
Hypererythra, xli. 
Hyperops, 337. 
Hyphoporus, 275. 
Hyphydrus, 275. 
Hypoderma, 653. 
Hypoeschrus, 372. 
Hypolimnas, 413. 
Hyposidra, 474. 
Hypsauchenia, 730. 
Hypsa, 463, xxxix. 
Hypside, 462. 
Hypsipyla, 514. _ 
Hypsopygia, 215, 515, lii. 
Hubertiella, 685. 
Huleccetomyia, 574. 
Humbertiella, 69. 
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[caria, 213, 214. 

[cerya, Ixxxil, 758. 

[Ichneumonide, 177. 

[dentification of specimens. 
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[dgia, 325. — 

[dia, 645, lxix. 

[diocerus, 736. 

[diococeine, 757. 
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Ilema, 437. 

Illetica, 346. 
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Indian Museum Notes, 19. 

Inglisia, 755. 

Insects and Flowers, 222, 

Insects as Food, 276. 

Insects, definition of, 1. 

Instinct and Habit, 2. 

Tphita, 691. 

Jrantha, 702. 

Iridomyrmex, 230. 

Isbarta, 503. 

Ischnogonalos, 182. 

Ischyja, 454. 

Ismenine, 431. 

Tsocentris, 519. 

Isometopine, 707. 

Issine, 727. 

Isyndus, 701. 

Iswara, 192. 

Ithytrichia, 159. 

Ixias, 418, 
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Jansenia, 261. 
Japygide, 44. 
Japyx, 44. 

Jassidee, 734. 
Jassine, 737. 
Juledis, 328, 330. 
Junonia, 412, xxviii. 
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Kausima, 415. 
Ketumala, 728. 
Kolbea, 121. 
Kolla, 737. 
Krisna, 737. 
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Labia, 53 
Labidura, 53. 

Lac, 759. 
Lacconectes, 275. 
Laccophilus, 275. 
Laccoptera, 367. 
Laccotrephes, 710 
Lacera, 454. 
Lace-wing bugs, 692 
Lachnophorus, 688. 
Lachnosterna, 251 
Lacon, 334. 
Ladybird Beeties, sv%. 
Leelia, 459. 
Lemophloeus, 301, 
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Lemotinetus, 301. 
Lagria, 340. 

Lagriida, 340, 

Laius, 325. 
Lamellicornia, 237, 241. 
Lamiine, 370. 
Lamoria, 509. 
Lampides, 427, 429. 
Lamprophorus, 323. 
Lampyris, 323. 
Landrena, LO4. 
Languriine, 303. 
Laphrine, 604. 
Lardites, 300. 
Lareine, 691. 

Larra, X. 
Lasiocampidee, 496, 
Lasioderma, 319, xix. 


Laspeyresia, 530, 598, liv. 


Lathridiide, 298. 
Lathridius, 298. 
Laverna, 536. 
Lawana, 727. 
Laxenecera, Lxiii. 


Leaf-eating Beetles, 351. 


Leaf-eating Insects, 29. 
Lebia, 265. 
Lecanium, 753, 759. 
Ledra, 735. 
Ledrine, 735. 
Leicesteria, 574. 
Lema, 354, 355. 
Lemoniide, 415. 
Lepidiota, 254. 
Lepidoptera, 397. 
Lepidosaphes, 757. 
Lepidotomyia, 574. 
Lepisma, 45. 
Lepismide, 45. 
Lepium, 123. 
Leptide, 591. 
Leptine, 592. 
Leptis, 591, 
Leptispa, 364. 
Leptobelus, 729. 
Leptocentrus, 731, 
Leptocerus, 159. 
Leptochirus, 289, 
Leptocorisa, 680, 684. 
Leptogaster, 603. 
Leptomydas, 602. 
Leptosia, 417. 
Lepturini, 370. 
Lepyrodes, 518. 
Lestremiine, 583. 
Lethe, 409, 
Leucania, 446. 
Leucinodes, 518. 
Leucocraspedum, 289, 
Leucoma, 462. 
Leucomigus, 386. 
Leucomyia, 574. 
Leucophea, 61. 
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Leucophlebia, 468. 
Leucoptera, 538. 
Liacos, 193. 
Liburnia, 728. 
Libytheine, 415. 
Lice, 762. 
Limacodide, 498. 
Limnerium, 177. 
Limnobiine, 579. 
Limnophora, 641. 
Limosina, 621. 
Lina, 360. 
Linognathine, 764. 
Linognathus, 764. 
LiogryJlus, 97, 104. 
Liparide, 459, 
Lipeurus, 11]. 
Lipoptenine, 656. 
Lipuride, 43. 
Winis.2 02) 

Lispe, 641. 

Lita, 535. 
Lithocolletis, 537. 
Lithosia, 437. 
Lithurgus, 218. 
Lixus, 385. 
Lobopelta, 226, 228. 
Locusta, 83. 
Locustide, 47, 91. 
Loepa, 477. 
Lohita, 691. 
Lonchea, 636. 
Lonchopteride, 609. 
Longicornia, 368. 
Lophopine, 726. 
Lophosoma, 502. 
Loxoblemmus, 104. 
Loxoneura, 635. 
Lucanide, 243. 
Luecanus, 244. 
Lucernuta, 323. 
Lucilia, 643. 
Luciola, 324. 
Luminosity in Insects, 321, 
Luperomorpha, 361. 
Lycenesthes, 429, 
Lycenide, 423. 
Lycastris, Ixy. 
Lycine, 323. 
Lycogaster, 182. 
Lycostomus 323. 
Lyctoxylon, ase 
Lygeide . 685. 
Lygeus, 686. 
Lygropia, 518. 
Lymantria, 460. 
Lymantriide, 459, 
Lymexylonide, 327. 
Lynchia, 656. 
Lyperosia, 647, 
Lyroda, x, 
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Macaria, 474, xli. 
Macheerota, ]xxix. 733, 
Machilide, 44. 
Macrataria, 342. 
Macrocerine, 586. 
Macrodactylini, 254. 
Macroglossum, 469. 
Macrolycus, 320. 
Macromeris, 194. 
Macronota, 258. 
Macropes, 687, 688. 
Macrosiphum, 180, 746. 
Macrotoma, 371. 
Madasumma, 105. 
Majiasena, 491. 
Malachiine, 325. 
Malacodermata, 319. 
Malacodermide, 319. 
Malaria-carriers, 572. 
Malaria infection. 570. 
Mallophaga, 110. 
Man, Insects and, 35. 
Mansonia, 575. 
Mansonioides, 575. 
Mantide, 47, 64. 
Mantispa, 153. 
Marasmia, 21, 516. 
Marine Insects, 33. 
Maruca, 519. 
Masicera, Ixvili. 
Mastiger, 288. 
Matapa, 431. 
May flies, 137. 
Mazarredia, 81. 
Mealybugs, 752. 
Mealy wings, 748. 
Mecopoda, 91, 96. 
Megachile, 183, 216, 219, 
220, xii. 
Megaccelum, 707. 
Megalocerza, 707. 
Megalomma, 261. 
Megalopine, 357. 
Megarhynchus, Ixxiv, 678. 
Megaspis, Ixy. 
Megisba, 429. 
Megymenum, 678. 
Melambia, 300. 
Melandryide, 341. 
Melanitis, 410, xxix. 
Melanophara. 673. 
Melanophthalma, 298. 
Melanotelus, 687. 
Melanotrichia, 159. 
Melanotus, 334. 
Melicharia, 727, 
Melipona, 221. 
Melittia, 529. 
Meloe, 345. 
Meloimorpha, LO5. 
Melolontha, 254 


Melolonthidx, 252. 
Melyrine, 325. 
Melyris, 325. 
Membracide, 729. 
Membracine, 731. 
Menopon, 111. 
Merismoderus, 267. 
Merochlorops, 627. 
Mesomorpha, 336, 339, 
ei 
Mesovelia, 694, 
Messor, 266. 
Metacanthus, 685. 
Metanastria, 497. 
Metasia, 520, lii. 
Metathrinea, 535. 
Metatropis, 685. 
Methles, 275. 
Methoca, 192. 
Metialma, 389. 
Metriona, 366. 
Miastor, 581. 
Micranisa, 174. 
Microbracon, 180. 
Microcephalus, 654. 
Microdeuterus, 679. 
Microdon, lxv, 611. 
Microdus, 179. 
Microiepidoptera, 432, 
501. 
Micronecta, 716. 
Micropezide, 631. 
Microthrix, 514. 
Microvelia, 695. 
Migneauxia, 298. 
Migration, 419. 
Miltochrista, 437. 
Miltogramma, Ixviii, 651. 
Mimastra, 362. 
Mimela, 254. 
Mimicry, 521. 
Mimomyia, 575. 
Miners, Leaf and 
29. 
Miresa, 500. 
Mirine, 707. 
Moma, 452. 
Monanthia, 692. 
Monohammus, 376. 
Monomma, 340. 
Monommide, 340. 
Monomorium, 226, 229. 
Mononyx, 709. 
Monophlebus, Ixxxiv, 757. 
Monotomide, 300. 
Mordellide, 343. 
Morphine, 410. 
Mosquitos, 564. 
Mosquito’s proboscis, 565. 
Moths, 397, 432. 
Mucaria, 737. 
Mucidus, 574. 
Mudaria, 447. 
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Muga, 479, 
Musca, 209, 642. 
Muscide, 642. 
Muscoids, 614. 
Mutilla, 185, 210, xiii. 
Mutillide, 185. 
Myealesis, 408. 
Mycetobiine, 585. 
Mycetophagide, 303. 
Mycetophila, 584. 
Mycetophilide, 583. 
Mydaide, 602. 
Mylabris, 343, 345. 
Myllocerus, 383, 385. 
Myophanes, 698. 
Myopsocus, 123. 
Myrmecocystus, 232. 
Myrmecophila, 101. 
Myrmecophilous Insects, 
34, 268. 
Myrmedonia, 291. 
Myrmeleo, 148. 
Myrmicaria, 228. 
Myrmicine, 228. 
Mytilaspis, 760. 
Myzine, 193. 
Myzomyia, 574, lx. 
Myzorhynchus, 574. 


N 


Nabis, '702. 
Nacaduba, 429. 
Nacoleia, 517. 
Naranga, 456. 
Naricus, 257. 
Natada, 500. 
Naucoridez, 712. 
Necrobia, 286. 
Necrodes, 286, 326. 
Necrophorus, 286. 
Necroscia, 71. 
Nectocoris, 714. 
Neelide, 43. 
Nemeobiide, 415. 
Nemestrinidee, 596. 
Nemobius, 104. 
Nemocera, 548. 
Nemoptera, 152. 
Nemopterine, 151. 
Nemotois, 540. 
Neocastniide, 501. 
Neocellia, 574. 
Neocerambyx, 377. 
Neocollyris, 261. 
Neodartus, 737. 
Neomacleaya, 574. 
Neopithecops, 429. 
Neoris, 477. 
Neotrioza, 743. 
Nephantis, 535. 
Nephele, 468. 
Nephopteryx, 514. 
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Nephotettix, 738. 
Nepide, 710. 
Nepita, AH 
Neptis, 411. 


euromus, 144, 
euronia, 159, 
Neuroptera, 108. 
Nevrina, 517. 
Nezara, 676. 
Nirmus, 111. 
isaga, 47], 

isia, 726. 
isotra, 293. 
itidulide, 295, 
octuidee, 440. 
octuinse, 453. 
odaria, 458. 
odina, 359. 
Nodostoma, 359, 
odynus, 287. 
Nola, 436. 
Nomenclature, 15. 
Nomia, 218. 
Nomophila, 519. 
Nonagria, 180, 448, xxxvii, 
xl vii. 

Noorda, 520. 
Norellinz, 640. 
Notadoma, 294. 
Notanatolica, 159. 
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Notiphila, 625. 


Notodontide, 471. 
Notogonia, 201, x. 
Notonecta, 716. 
Notonectide, 715. 
Nyctemera, 463. 
Nycteribiidx, 656. 
Nyctipao, 450. 
Nymphalide, 404. 
Nymphaline, 410, 
Nymphula, 515, xlix. 
Nysius, 687. 
Nyssorhynchus, 574. 
Nyzus, 748. 
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Ochodeeus, 251. 
Ochromyia, Ixix, 643. 
Ocinaray 478, 484. 
Odoiporus, 382, 390. 
Odonata, 125. 
Odontodes, 449. 
Odontopus, 691, 692. 
Odynerus, 183, 213. 
(Eeanthus, 105. 
(cophorine, 536. 
(cophylla, 226, 230, 233. 
(Edaleus, 83. 
(Edematopoda, 537. 
(Edemeride, 342, 
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(dipodinee, 83. 
(Estride, 651. 
(Estrus, 652, lxix. 
Oides, 361. 
Olenecamptus, 376. 
Olfersiine, 656. 
Oliarus, 725. 
Olibrus, 294. 
Oligotoma, 113. 
Oligotrophus, 582. 
Ommadius, 326. 
Omphale, 174. 
Oncocephalus, 699. 
Oncodes, 596, 
Oncomera, 343. 
Oniticellus, 250. 
Onitis, 249. 
Onthophagus, 249. 
Onychia, 166. 
Opatrum, 335, 337, xxi. 
Ophideres, 455. 
Ophionea, 265. 
Ophionine, 178. 
Ophiusa,451. 
Ophyra, 641. 
Opilo, 327. 
Opogona, 540. 
Orectocheilus, 281. 
Oregma, 747. 
Oreta, 504. 
Ornebius, 102. 
Orneodide, 526. 
Ornithobius, 111. 
Ornithomyiine, 656. 
Orphnephilide, 589. 
Orphnus, 251. 
Orsotricena, 409. 
Ortalide, 635. 
Ortalis, 635. 
Ortheziine, 757. 
Orthoptera, 47. 
Orthorapha, 545, 548. 
Orthorapha brachycera, 
589. 
Orthostixine, 475. 
Orthrius, 327. 
Orychodes, 392. 
Oryctes, 255. 
Oryctopus, 94. 
Oryssidee, 164. 
Oscinis, 626, 
Osmylus, 153. 
Ostomide, 299, 
Othnius, 340, xxi, 
Otiorhynchine, 384, 
Oxya, 88. 
Oxyambulyx, 468. 
Oxybelus, 209. 
Oxycarenus, 688. 
Oxycetonia, 258. 
Oxyrhachis, lxxviii, 731, 
Ozotrioza, 743, 
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Pachnephorus, 359. 


Pachycera, 337. 
Pachygaster, 1xi. 
Pachygastrine, 591. 
Pachygrontha, 688. 
Pachylister, 293, 294. 
Pachylomelus, 293. 
Pachyonyx, 389. 
Pachysternum, 286. 
Pachytylus, 83. 
Pachyzancla, 519. 
Padraona, 431. 
Peederus, 290. 
Paleologus, 685. 
Palingenia, 139. 
Palpares, 149. 
Pamera, 688. 
Pamphiline, 431. 
Pangonia, Ixii. 595. 
Panorpa, 145. 
Panorpide, 145. 
Panesthia, 61. 
Papilio, 422. 
Papilionide, 421. 
Paracopium, 692. 
Paragus, Ixv. 
Paralimnus, 738. 
Paramecops, 386. 
Paranemobius, 104. 
Paraphrus, 371. 
Paraponyx, 516. 
Parasa, 500. 


Parasites, external of ver- 


tebrates, 30, 


Parasites, internal of ver- 


tebrates, 30, 
Parasites of insects, 30, 
Paratettix, 81. 
Parevaspis, 220. 
Parlatoria, 760. 
Parnara, 431, XX; 
Parnide, 313, 
Parnopes, 183. 
Paromius, 690. 
Paropsides, 360. 
Parygrus, 313. 
Passalide, 249. 
Patiscus, 105. 
Pauropsylla, 243. 
Pausside, 266. 
Peach-fly, 632. 
Pea-stem fly, 622... 
Pecomyia, 574. 
Pedicinus, 763. | 
Pediculid, 762. 
Pediculus, lxx, 763. 
Pedilinge, 342. 
Pelogonide, 709, 
Pelogonus, 709. 
Pelopceus, 183. 
Pemphigus, 746, 


Penia, 334. 
Pentarthrum, 173. 
Pentatomide, 668.. 
Pentatomine, 675. 
Penthe, 341. 
Penthimia, 737. 
Pericallia, 438. 
Pericoma, 558. 
Perientomum, 123. 
Perina, 461. 
Periplaneta, 67, 208. 
Perlide, 124. 
Phacopteron, 743. 
Phacosema, 743. 
Pheedon, 360. 
Phenomerus, 389. 
Pheochrous, 251. 
Phagomyia, 574. 
Phalacra, 504. 
Phalacride, 294. 
Phalacrus, 294. 
Phasgonuride, 48. 
Phasmide, 47, 71. 
Phassus, 541. 
Phelister, 293. 
Phenacoccus, 308, 759. 
Phenice, 726. 
Phidodonta, xxiii, 365. 
Phidole, 226, 229. 
Phidologiton, 226. 
Philematomyia, lxx, 647. 
Philampeline, 468. 
Philanthus, 209, x. 
Philhydrus, 285. 
Phlebotomus, Ixx, 599. 
Phleeobius, 380. 
Phleeothripidee, 544. 
Phleeothrips, 544. 
Phlyctenodes, 520. 
Phora, 608. 
Phoride, 608. 
Phromnia, 727. 
Phthirius, 762. 
Phthorimea, 535, lvii. 
Phycita, 180, 514. 
Phycitine, 512. 
Phycodes, 538, lii. 
Phycodromide, 637. 
Phycus, lxii, 601. 
Phylaitis, 389, xxvii. 
Phyllium, 72, 
Phyllocephaline, 678. 
Phyllodromia, 60. 
Phyllognathus, 256, xv. 
Phyllothelys, 69. 
Phymateus, 83. 
Phymatide, 696. 
Phymatostetha, 7133. 
hysomerus, 683. 
Physopelta, 691. 
Physopus, 544. 
Physorhynchus, 700. 
Phytomyza, 623, 


Phytophaga, 238, 348. 
Phytophthires, 740. 
Phytoscaphus, 385, xXvii. 
Pieride, 416. 
Pieris, 416, 418. 
Piezodorus, Ixxiv, 676, 
Pimpla, 177. 
Pionea, 520. 
Piophila, 630. 
Pipunculide, 612. 
Pipunculus, lxv, 614. 
Pirates, 700. 
Pison, 200, x. 
Placosternum, Ixxiv. 
Plagiodera, 360. 
Plataspidine, 671. 
Platydactylus, 395. 
Platydema, 339. 
Platygaster, 169. 
Platylister, 293. 
Platynectes, 275. 
Platynotus, xxi, 337. 
Platypeza, Ixv. 
Platypezidee, 612. 
Platypleura, 718. 
Platyptilia, 528. 
Platypria, 364, 365. 
Platypus, 395. 
Platyrhopalus, 267, xvi. 
Platysoma, 293. 
Platystelea, 45. 
Platyura, 584. 
Plautia, 1xxiii. 
Plea, 716. 
Plecia, 587. 
Plecoptera, 454. 
Plecticus, 1xi. 
Plectronemia, 159. 
Plectrosternus, 334. 
Plocederus, 373. 
Plotheia, 449. 
Plusia, 177, 452, 
XXXvVIi. 
Plutella, 538. 
_ Podagrion, 176. 
Podontia, 360. 
Podops, 1xxii, 673. 
Poduride, 43. 
Peantius, 689. 
Peecilocera, 84. 
Peecilocoris, lxxii. 672. 
Peecilogonalos, 181. 
Peeciloscytus, 707. 
Polia, 446. 
Polistes, 214, 396. 
Polposipus, SO 1: 
Polycaonine, 316. 
Polyctenes, 657, 705. 
Polyctenide, 705. 
Polydesma, 453. 
Polymorpha, 237, 281. 
Polymorphanismus, 159. 
Polyocha, 512, xi vil. 
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Polyommatus, 428, 
Polyphaga, 57, 61. 
Polyplax, 764. 
Polyptychus, 468, 
Polyrhachis, 226, 231. 
Polytela, 445, xxxiv. 
Polytoxus, 699. 
Polytus, 390. 
Pompilide, 194. 
Pompilus, 196. 
Ponerine, 228. 
Poophilus, 733. 
Popilia, 254. 
Porthesia, 460, xxvili. 
Predators, biting and suck- 
ing, 31. 
Predators, stinging, 31. 
Prenolepis, 231. 
Prionini, 370. 
Prionocerus, 325. 
Prioptera, 367, xxiv. 
Priotyrannus, 371. 
Procometis, 536. 
Proctotrypide, 168. 
Prodaticus, 275. 
Prodenia, 447. 
Prodryinus, 170. 
Promachus, Ixili. 
Pronyssa, 261, xvi. 
Prophthalmus, 393. 
Prosopis, 216. 
Prostemma, 702. 
Protetia, 258. 
Prothysa, 261. 
Protolepidoptera, 432. 
Protoparce, 467. 
Pselaphide, 287. 
Pselaphini, 288. 
Pselliophora, Ix. 
Pseudagenia, 194. 
Pseudocolaspis, 359. 
Pseudogonalos, 181. 
Pseudomorphine, 264. 
Pseudophleine, 683. 
Pseudophylline, 96. 
Pseudosinghala, 255. 
Pseudosphinx, 467. 
Pseudotheobaldia, 574. 
Psilidze, 629. 
Psilogramma, 467. 
Psiloptera, 328, 330. 
Psilopus, lxiii, 608. 
Psocide, 121. 
Psocus, 123. 
Psoine, 316. 
Psyche, 493. 
Psychide, 491. 
Psychoda, 557. 
Psychodide, 557. 
Psychotoe, 433, XXXlyv. 
Psylla, 742. 
Psyllide, 742. 
Ptenidium, 292. 
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Pteromalus, 174. 
Pterophoride, 526. 
Pteroplistus, 101. 
Pterospilus, 606. 
Pterothysanide, 458. 
Pterothysanus, 458. 
Ptilinum, 546. 
Ptinide, 317. 
Ptinus, 318. 
Ptychopterine, 579. 
Ptyelus, 733. 
Pulchriphyllium, 74. 
Pulex, Ixxi, 658. 
Pulse Beetles, 348. 
Pulvinaria, Ixxxii, 759. 
Pundaluoya, 728. 
Pupipara, 548, 654. 
Purohita, 728. 
Pycnosoma, Ixix, 643. 
Pyralidee, 505. 
Pyralis, 515. 
Pyrausta, 520. 
Pyraustine, 516. 
Pyrellia, 645. 
Pyretophrus, 574. 
Pyrgomorpha, 83. 
Pyrilla, 171, 723, 727. 
Pyrochroa, 341. 
Pyrochroide, 341. 
Pyrophanes, 324. 
Pyrops, 724. 
Pyrrhocoride, 690. 
Pyrrhocorine, 691. 
Pythide, 341. 


R 


Radioculex, 575. 


Rahinda, 411. 


Ranatra, 711. 
Randolotus, 678. 
Raparna, 457. 
Raphidiine, 144. 
Ratarda, 494. 
Ratardide, 494. 
Raymondia, 657. 
Reduviide, 697. 
Reduvius, 699. 
Reedomyia, 574. 
Remigia, 450. 
Respiration, 181. 
Rhabdocheta, 634. 
Rhagophthalmide, 327. 
Rhagophthalmus, 327. 
Rhantus, 275. 
Rhinopsis, 227. 
Rhipicera, 327. 
Rhipiceride, 327 
Rhipiphorus, 343. 
Rhizobiini, 306. 
Rhizobius, 748. 
Rhizopertha, 316, 
Rhodia, 477. 
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Rhodoneura, 505. 
Rhodogastria, 439. 
Rhogas, 180. 
Rhomborhina, 257. 
Rhopalocera, 401. 
Rhopalosiphum, 748. 
Rhyacophila, 159. 
Rhynchina, 458. 
Rhynchites, 387. 
Rhynchium, 212. 
Rhyncholaba, 469. 
Rhynchomyia, 645. 


Rhynchophora, 238, 379. 


Rhynchophorus, 391. 
Rhynchota, 665. 
Rhyothemis, 128, 129. 
Rhyparobia, 61. 
Rhyphide, 589. 
Rhyphus, 589. 
Rhysodes, 272. 
Rhysodide, 272. 
Rhyssa, 178. 
Rhyssemus, 251. 
Rhytinota, 337. 
Ricania, 727. 
Rice-stem fly, 638. 
Ripersia, 759. 
Riptortus, lxxvi, 684. 
Risoba, 449. 

Rivellia, 635. 
Reselia, 436. 
Root-borers, 30. 
Root-eating insects, 29. 


Root-sucking insects, 30. 


Rove Beetles, 288. 
Ruteline, 254. 


Ss 


Sagra, 354, 

Saicine, 699, 

Salassa, 478. 

Salda, 696. 

Saldide, 696. 

Salius, 196. 
Salyavatine, 699, 
Sandalus, 334. 
Sandracottus, 275, 
Sangatissa, 471. 
Saprinus, 294. 
Sapromyzide, 636, 
Sarcophaga, lxix, 649, 
Sarcophagide, 642, 648. 
Sarcopsylla, Ixxi, 659, 
Sargine, 590. 

Sargus, xi, 589. 
Sarrothripine, 449, 
Sastragala, 679. 
Sastrapada, 699. 
Sathrophyllia, 96. 
Saturnia, 477, 
Saturniide, 475. 
Satyring, 408, 


INDEX, 


Saussurella, 81. 
Seale Insects, 752. 
Seantius, 691. 
Scaphidiide, 292. 
Scaphidium, 292. 
Scapsipedus, 104. 
Scarabeeide, 245. 
Scarabeus, 248. 
Searitine, 266, 
Scarites, xvi. 
Scatophaga, Ixvii, 639. 
Scatophagine, 640. 
Scavengers, 32. 
Scelimena, 76, 81. 
Scelio, 169, 174. 
Sceliphron, 183, 195, 200, 
204, 600. 
Scelodonta, 358. 
Scenopinide, 600. 
Scenopinus, Ixiii, 600. 
Schistocerca, 86. 
Schizocephala, 68, 69. 
Schizodactylus, 93, 95. 
Schizoneura, 746. 
Schizonycha, 254. 
Schizophora, 548. 
Scheenobius, 511. 
Sciara, 583. 
Sciomyza, 637. 
Sciomyzidz, 637. 
Sciophiline, 585. 
Scipinia, 702. 
Scirpophaga, Lik LTORo4ds 
xl vii. 
Scleron, 337, xxi. 
Scolia, 193. 
Scoliide, 192, 
Scolytide, 393. 
Scolytine, 395. 
Scopariine, 516. 
Scorpion flies, 145, 
Scraptia, 342. 
Scutellera, 69, Ixxii, 669, 
672. 
Scutellerine, 672, 
Scydmenide, 287, 
Scydmeenus, 287. 
Scymnus, 307. 
Seed-eating insects, 28, 
Selasia, 325. 
Selenocephalus, 738. 
Sepedon, 637, 
Sepsidee, 630. 
Sepsis, lxvii, 630, 
Serica, 253. 
Serinetha, 684. 
Sesiidee, 528. 
Sesiinz, 468. 
Setodes, 159. 
Setomorpha, 540, 
Sex, 188. 
Sialide, 143. 
Silis, 260, 394. 
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Silk, 485. 

Silpha, 286. 

Silphide, 286. 
Silvanus, 301. 

Sima, 227, 229. 
Simeethis, 538. 
Simplicia, 457. 
Simuliide, 587. 
Simulium, Ixi, lxx, 587. 
Sinoxylon, 317. 
Siphonaptera, 548, 657. 
Siphonophora, 748. 
Sirex, 164. 

Siricidee, 164. 
Sisyphus, 248. 
Sisyrini, 153. 

Sitalia, 294. 
Sitodrepa, 318. 
Sitotroga, 535. 

Size of insects, 169. 
Skippers, 429. 
Skusea, 575. 
Sleeping-sickness, 645. 
Smynthuride, 43. 
Solenopotes, 764. 
Solenopsis, 224, 226, 229. 
Song in insects, 720. 
Sostea, 313. 

Spalgis, 425. 

Species, number of, 14. 
Spercheus, 285. 
Spheridium, 286. 
Sphecodes, 218. 
Sphegide, 199. 
Sphenarches, 180, 528. 
Sphendale, 69. 
Sphenoptera, 174, 330, xx. 
Sphex, 200, 207. 
Sphingid, xxviii. 
Sphingide, 464. 
Sphingomorpha, 453. 
Sphingonotus, 83. 
Sphyracephala, 629. 
Spilogaster, 641. 
Spilosoma, 437. 
Spirama, 451. 
Spiredonia, 454. 
Spodoptera, 448. 
Squame, 556. 

Stag Beetles, 243. 
Stagmatophora, 536. 
Staphylinide, 288. 
Staphylinus, 290. 
Stathmopoda, 537. 
Stauropus, 472. 
Steganomus, xiii. 
Stegomyia, Ix, 572. 
Stem-boring insects, 29. 
Stenachroia, 510. 
Stenelmis, 313. 
Stenocephalus, 683, 
Stenogyzum, 675. 
Stenomine, 536. 


Stenopelmatine, 94, 
Stenopodine, 699. 
Stenopsyche, 159. 
Stephaniide, 180. 
Sternocera, 330. 
Sternoxi, 328. 
Stethomyia, 574, 
Stethoxus, 285. 
Sthenias, 375. 
Stibaropus, Ixxiii, 675, 
Stictopterine, 449. 
Stigmus, 208. 
Stilbum, 182, 183, 212. 
Stizus, 209, x. 
Stomoxys, 209, lxix, 
Storthecoris, 674. 
' Strachia, 675. 
Stratiomyide, 589. 
Strepsipleura, 540. 
Stromatium, 373. 
Stylopide, 395. 
Stylopygia, 58, 61. 
Suana, 497. 
Suastus, 431. 
Sub-tropical fauna defined, 
20. 
Suckers, 
29. 
Surra, 662. 
Swallow tails, 421. 
Sycanus, 701. 
Sycobia, 174. 
Sycobiella, 174. 
Sycophaga, 175. 
Sycophila, 174. 
Sycoryctes, 174. 
Sycoscapta, 174. 
Sycoscaptella, 174. 
Sylepta, 517. 
Symmorphocerus, 393, 
Sympetrum, 130. 
Symphoromyia, 591. 
Sympis, 454. 
Syndicus, 287. 
Syngamia, 517. 
Syntomide, 433. 
Syntomis, 434, xxxiv. 
Syntomosphyrum, 174. 
Syrphide, 610. 
Systropus, lxiil, 


647. 


Leaf and Stem, 


600. 
ay 


Tabanide, 592. ; 
Tabanus, Ixii, Ixx, 595. 
Tachardia, Ixxxiii. 759. 
Tachinide, 642, 649. 
Tachysphex, x. 
Tachytes, 201, x 
Tzniorhynchus, 
Tajuria, 429. 
Talicada, 429. 
Tanyvmecus, 384. 


51D. 


- Tetralanguria, 


INDEX, 


Tanypine, 564. 
Tapinoma, 229, 
Tarache, 455, xxxvii. 
Taragama, 497, xli. 
Tarphiosoma, 298. 
Tarucus, 427. 
Tasar, 479. 
Tasema, 502. 
Telchinia, 415. 
Telenomus, 169. 
Telephorinz, 323, 324. 
Telicota, 431. 
Temnaspis, 357. 
Temnochila, 300. 
Temnochilidee, 299. 
Tenebrio, 337. 
Tenebrionids, 335. 
Tenebroides, 299. 
Tenthredinide, 165. 
Tephrina, 474, xli. 
Tephritis, 634. 
Tephrochlamys, 636. 
Teracolus, 419. 
Teratodus, 88. 
Terebrantia, 544. 
Teretriosoma, 293. 
Teretrius, 293. 
Terias, 419. 
Termes, 115, 119, viii. 
Termites, 115. 
Termitide, 115. 
Termitodiscus, 271. 
Termitophilous Insects, 
268. 
Termitoxenia, 142. 609. 
Termopsis, 116, 119. 
Tessaratoma, Ixxiv, 
677. 
Tetanocera, 637. 
Tetracha, 261: 
Tetragonoderus, xvi. 
303. 
Tetrastichus, 173. 
Tetrigine, 81. 
Tetroda, 678. 
Tettigoniella, 736. 
Tettigonielline, 736. 
Thalassodes, 475, xli. 
Thaumastopeeus, 252, 257. 
Thea, 307. 
Thelycheta, 645, 
Theobaldia, 574. 
Theophila, 478. 
Therates, 261. 
Theretra, 469. 
Thereva, 601. 
Therevide, 601. 
Thermesia, 455, 677. 
Thiacidas, 460. 
Thomsoniella, 738. 


670, 


Thorictide, 302. 


Thorictus, 271, 302. 
Thosea, 499. 
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Thripide, 544. 
Thrips, 542. 
Throscide, 331. 
Throscus, 331. 
Thursellinus, 713. 
Thynnide, 192. 
Thyrassia, 502. 
Thyrididx, 505. 
Thysanoptera, 542. 
Thysanura, 43. 
Ticks, 662. 

Tiger Beetles, 259. 
Tillus,. 326. 
Tinegeriide, 536. 
Tinea, 540. 
Tineide, 531. 
Tineine, 538. 
Tingide, 692. 
Tiphia, 193. 
Tipulide, 578. 
Tiresias, 311, 
Tischeria, 540. 
Tituboea, 358. 
Tomicini, 395. 
Tortoise Beetles, 366. 
Tortricidae, 529. 
Toxicum, 338. 
Toxoptera, 747. 
Toxorhynchine, 575. 
Toxorhynchites, 574. 
Trabala, 180, 498, xlvi. 
Trachylepidia, 509. 
Trachys, 331. 
Tree-borers, list of, 377. 
Tree-boring insects, 29. 
Tremex, 164. 
Tribelocephala, 699. 
Tribolium, 338. 
Trichisia, Xvi. 
Trichius, 257. 
Trichodectes, 111]. 
Trichopalpus, 591. 
Trichophthalma, 597. 
Trichoptera, 157. 
Trichopterygide, 291. 
Trichostomes, 35%. 
Tricolyga, 651. 
Tricondyla, 261. 
Trictenotoma, 347. 
Trictenotomide, 347. 
Tridactylus, 99. 
Trigona, 220, 221. 
Trigonalide, 181. 
Trigonidium, 105. 
Trigonodes, 451. 
Trilocha, 478. 
Trilophidia, 83. 
Trinotum, I11. 
Trioxys, 174, 180. 
Trioza, 743. 
Triphleps, 705. 
Triplax, 303. 

Trisula, 454, 
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Trochitium, 529. 

Trogine, 251. 

Trogoderma, 311. 

Trogosita, 299. ; 
Trombidium, 80. . 
Tropical Fauna defined, . 


Tropiduchine, 726. 

Trox, 251. 

Trycolyga, 651. 

Trypanophora, 503. 

Trypeta, 634. 

Tryphonine, 178. 

Trypetide, 631. 

Trypeticus, 293. 

Trypoxylon, 200, 202, 203, 
Xx 


Tryxalis, 82. 
Tubulifera, 182, 544. 
Tur-pod fly, 622. 
Tylocerus, 324. 
Tylotropidius, 75. 
Typhlocyba, 738. . 


U 


Udaspes, 432. 
Udugama, 725. 
Ulidia, Ixvii. 635. 
Ulocerine, 392. 
Uraniide, 490. 
Urellia, 634. 
Urentius, 692. 


PRINTED BY THACKER, sp 


INDEX, 


Urochela, 679. 
Urodon, 350. 


Urolabida, Ixxiv, 678, 


Urophora, 634. 
Urostylis, 679. 
Utetheisa, 438. 


V 


Valgini, 257. 
Valleriola, 697. 
Vanessa, 413. 

Varta, 738. 

Veliine, 695. 
Velvet Ants, 185. 
Venation, 353. 
Vespa, 214, 216, xi. 
Vespide, 213. 
Virachola, 424, 428. 
Volucella, 611. 


WwW 


Walkerella, 174, 176. 


Walkeriana, 758. 
Warble flies, 651. 


Warning colouring, 521. 


Weevils, 380. 


Where Insects live, 54. 


White Ants, 115. 


Wild Silk Moths, 475. 


Wroughtonia, 180. 
Wroughtonilla, 271, 


x 


Xanthochelus, 386, xxvii. 
Xanthoptera, 456. 
Xenos, 396. 
Xiphydria, 164. 
Xyleborus, 393. 
Xylocopa, 217, 220, 346 
xiii. 
Xyloperthi, 316. 
Xylophagine, 592. 
Xyloryctine, 535. 
Xylotrechus, 374. 
Xystrocera, 372. 
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Yellow fever, 572. 
Ypsololophus, 533. 
Ypthima, 409. 


Z 
Zagira, 457. 
Zalissa, 440, 454, xxxvi. 
Zamila, 727. 
Zeuzera, 494, 496. 
Zicrona, 361, 677. 
Zinckenia, 516. 
Zizera, 426. 
Zones of insect life, 20. 
Zoogeographical divisions, 


Zy genide, 502. 
Zygopine, 389. 
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